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1.1 BACKGROUND 
1.1.1 Enantioselective transformations 
The synthesis and application of biologically relevant natural or unnatural compounds 
has always received much attention in organic chemistry. For biological systems the 
significance of a biological function is often determined by molecular recognition and 
chirality is in most cases a crucial factor. A pair of enantiomers has the same physical 
properties; however, when applied in a biological system, enantiomers can show different 
chemical behaviour due to different chiral recognition. In many cases this implies that 
one of the enantiomers simply is inactive, resulting in just isomeric ballast. More serious 
consequences are encountered when the enantiomers show an entirely different activity, 
e.g. one of the enantiomers exhibits a desired biologically activity, whereas the other 
enantiomer is highly toxic or carcinogenic. Three well-known and frequently cited 
examples are shown in Figure 1.1. 
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Figure 1.1 
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Due to this difference in bioactivity of enantiomers, it is of the utmost importance to 
obtain chiral compounds in high or complete enantiopurity. This has stimulated chemists 
to develop new synthetic strategies. Over the past decades much effort has been devoted 
to this aim, which has resulted in a variety of highly efficient and reliable methods for the 
preparation of enantiopure compounds. Examples of well studied methods include 
classical resolution of racemates via diastereomers,1,2 kinetic resolution,3 transformation 
or derivatisation of readily available natural chiral compounds (chiral pool),4 asymmetric 
synthesis,5 resolution of racemates,6,7 and inclusion resolution.8, ,9 10 Among these methods, 
asymmetric synthesis is highly challenging and of great importance, as it allows the 
preparation of compounds in enantiomerically enriched or enantiopure form, starting 
from an achiral precursor. There are several asymmetric synthetic methods, of which 
catalytic asymmetric synthesis is one of the most important and it has therefore received 
much attention in all fields of organic chemistry.11, , , ,12 13 14 15 Catalytic asymmetric synthesis 
makes use of a chiral catalytic system, e.g. a chiral ligand-metal complex, in order to 
convert achiral starting material into desired optically active product with a high turnover. 
Nowadays, a number of these asymmetric catalytic methods are approaching the 
selectivity and efficiency of enzymatic systems. Illustrative examples are: asymmetric 
epoxidation of allyl alcohols,16 asymmetric dihydroxylation reactions,17 and asymmetric 
reductions using a variety of systems, e.g. chiral oxazaborolidines.18  
1.1.2 Bis-oxazolines 
Numerous chiral catalysts and chiral metal ligands for enantioselective transformations 
have been described. Prominent among these are C2-symmetric chiral bis-oxazolines 4.
19 
These molecules, which are structurally related to the semicorrins 5 (Figure 1.2), have 
found widespread use as chiral ligands in metal catalysed asymmetric reactions. Pfaltz 
and co-workers20 have extensively studied semicorrins 5 and related compounds for the 
use in chirality transfer reactions. 
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Figure 1.2 
 
An attractive feature of bis-oxazolines is that they are easy accessible from readily 
available amino alcohols 6 (derived from amino acids). There are several possible ways 
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to prepare bis-oxazolines, the most common one is to couple two amino alcohols 6 with 
a bis-acid dichloride, followed by activation of the bis-amido alcohol 7 and subsequent 
treatment with aqueous or alcoholic base, to give the corresponding bis-oxazoline 4 
(Scheme 1.1). 
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Scheme 1.1 
 
Another useful method for the preparation of bis-oxazolines is the application of 
aziridines 8 as precursor, especially in those cases where multi-functionalised oxazoline 
moieties are desired. Using this approach, which involves the Heine reaction,21, , ,22 23 24 a 
number of C4- and C5-functionalised bis-oxazolines 10 has been prepared in the 
Nijmegen laboratory (Scheme 1.2), all of which can be used as chiral ligand in metal 
catalysed asymmetric synthesis.25
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Scheme 1.2 
 
Each type of chiral bis-oxazoline ligand-metal complex has its own characteristics that 
determine the efficiency in a specific catalytic reaction. Not only the differently substituted 
bis-oxazoline rings are responsible for this, also the choice of metal strongly determines 
the outcome of a catalytic asymmetric reaction. The most general type of bis-oxazoline 
ligand has a one-carbon spacer between the oxazoline rings at the two C2-positions. 
When this type of bis-oxazoline, such as compound 4, is mixed with an appropriate 
metal salt, a six-membered chelated metal complex 11 is formed (Scheme 1.3). Also bis-
oxazolines with larger bridging units are known, giving chelate rings of up to nine-
membered cycles.26
The (one-carbon) spacer of the bis-oxazoline molecule results in a very rigid ligand-metal 
complex. This corresponds to a minimum number of conceivable transition states during 
the metal catalysed reaction, thus promoting good enantioselective activity. Another 
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important characteristic of these metal catalysts is that the chiral centres are adjacent to 
the nitrogen donor atoms of the bis-oxazoline. Consequently, they have a strong 
influence on the active site.  
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Scheme 1.3 
1.1.3 Chiral aziridines 
The first representatives of the class of aziridines were first reported in 188827, ,28 29 and 
since then the synthetic accessibility of these three-membered heterocyclic compounds 
has evolved enormously. Nowadays, chiral aziridines are easily obtainable30, ,31 32 and for 
their synthesis, enantiomerically pure epoxides32,33 and natural starting materials, such as 
amino acids,34 are available. Furthermore, instead of using enantiopure starting material, 
an asymmetric transformation of prochiral compounds, such as alkenes (C-C double 
bonds)35 and imines (C-N double bonds) can also be performed.36
The three-membered aziridine ring is susceptible to regio- and stereoselective ring 
expansion reactions and a variety of functionalised structures with predictable 
stereochemistry can be obtained.31,37, , ,38 39 40 Examples of such functionalised structures 
include oxazoline and bis-oxazoline catalysts as described above. However, 
functionalised aziridines themselves can also be used as chiral ligands and chiral 
auxiliaries. An attractive feature of these three-membered ring compounds is that they 
have the chiral centre in close proximity to the donor nitrogen atom. Consequently, the 
use of aziridines as chiral ligands has been extensively studied and documented.32,41, ,42 43 
The use of aziridino carbinols has recently been reported by Tanner and co-workers44 
and Zwanenburg and co-workers.45,46 For example, the chiral aziridinylmethanol 1245,47 
(Figure 1.3) catalyses the enantioselective addition of diethylzinc to aromatic and 
aliphatic aldehydes with a remarkable efficiency. In addition, the corresponding polymer 
supported aziridino carbinol 13 is a highly enantioselective catalyst in the asymmetric 
addition of diethylzinc to a variety of aldehydes. The immobilised catalyst 13 could be 
recycled and successfully re-used in subsequent reactions with retention of 
enantioselectivity. 
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Figure 1.3 
 
So far, the use of N-sulfonyl functionalised aziridines, such as N-sulfonyl aziridine 14, as 
chiral ligand in asymmetric synthesis has not been reported. The synthesis and 
application of some N-sulfonyl functionalised aziridines is described in chapter 4 of this 
thesis. Hitherto, an N-sulfonyl group on an aziridine is most frequently utilised to form an 
"activated" aziridine, wherein the sulfonyl unit stabilises the negative charge on the 
nitrogen atom when the aziridine compound is subjected to a ring opening reaction by a 
nucleophilic attack. 
Besides their use as chiral catalyst, aziridines also occur in compounds with biological 
activity. It has been demonstrated that the aziridine unit in these compounds is to a large 
extent responsible for the bioactivity.48, ,49 50 Some examples are depicted in Figure 1.4. 
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Figure 1.4 
 
Mitomycins 15a-c and porfiromycin 15d are naturally occurring compounds that exhibit 
anti-tumor and anti-biotic activity. Azinomycins 16a and 16b are also natural 
compounds with anti-tumour activity. The synthetic aziridines 17 and 18 are irreversible 
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inhibitors of the bacterial enzymes diaminopimelic acid epimerase and glutamate 
racemase, respectively.  
1.1.4 Sulfonamides and disulfonimides 
Sulfonamides (RSO2NR'R") and disulfonimides (RSO2N(SO2R')R") have proven to be 
valuable compounds in many respects. The synthesis and utility of unsubstituted and N-
substituted sulfonamides has been described extensively. For example, the cleavage and 
rearrangement of a wide variety of sulfonamides was already reviewed in 1959.51 Early 
examples of therapeutic sulfonamide derivatives date back to the 1930s. May & Baker52 
found that p-aminobenzenesulfonamide derivatives of pyridine, quinoline, and 
isoquinoline exhibit anti-bactericidal properties and are useful for some therapeutic 
applications. Furthermore, Hoffmann-La Roche53 demonstrated that anilides of sulfanilic 
acid and aromatic diamines show in vivo activity against streptococcus bacteria and, for 
example, more recently Hanessian et al.54 found that N-arylsulfonylaziridine hydoxamic 
acid derivatives are useful as matrix metalloproteinases inhibitor.  
A few decades later, disulfonimide derivatives appeared on the chemical scene. A rather 
surprising use of disulfonimides was recently demonstrated in the European patent to 
Cytec Technology, wherein these compounds are claimed as catalysts in the curing of 
aminoplast cross-linkable resin compositions with particular utility in powder coatings 
and formulations.55
Much attention has been given to the acidity of both sulfonamides and disulfonimides.56 
Probably one of the most well known reactions involving the acidity of sulfonamides is 
the Hinsberg test, which is used to distinguish primary from secondary and tertiary 
amines. The pKa values of some sulfonamide and disulfonimide derivatives are collected 
in Table 1.1. For comparison, the pKa values of acetic acid and two acetamide 
derivatives are included as well. Compared to the acidity of the NH proton of 
carboxamides, the NH proton of sulfonamides is substantially more acidic, which allows 
more efficient reaction with alkyl halides.  
It is apparent from Table 1.1 that the acidity of the NH proton of disulfonimides is even 
higher. In spite of this, it has been reported that the preparation of N-alkylated 
disulfonimides (by reaction of deprotonated disulfonamide with alkyl halide) generally 
proceeds in moderate yields. DeChristopher and co-workers57 described an alternative 
procedure for the preparation of a series of unsymmetrical N-alkyl-N,N-disulfonimides. 
Even though the most promising results were obtained by trial and error, most reactions 
proceeded best when a strong base like sodium hydride was used to deprotonate the 
appropriate sulfonamide, followed by reaction of the anion with a suitable sulfonyl 
chloride. Primary amines with tertiary carbons turned out to be unsuitable for conversion 
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to the corresponding disulfonimides, due to steric hindrance during alkylation of the 
disulfonimide anion or due to thermal elimination. Thermal elimination is favoured 
because the steric bulk of the disulfonimide moiety in N-alkylated disulfonimides causes 
non-bonded interactions. This property has induced significant attention for these 
compounds in their use as leaving group in substitution and elimination reactions.58, , ,59 60 61
 
Table 1.1 pKa values of some sulfonamides and disulfonimides 
 
 RSO2NHR'   
Entry R= R'= pKa in H2O Reference 
CH3COOH - - 4.8 62
CH3CONH2 - - 15.1 62 
(CH3CO)2NH - - 11.0 62 
1 CH3 H 10.80 1) 56 
2 Ph H 10.10 1) 63
3 CH3 CH3 11.79 1) 56 
4 Ph CH3 11.43 2) 63 
5 CH3 Ph 8.98 2) 56 
6 Ph Ph 8.40 2) 63 
7 Ph CH2Ph 11.25 2) 63 
8 CH3 SO2CH3 2.10 2) 56 
9 CH3 SO2Ph 1.76 2) 56 
10 Ph SO2Ph 1.70 2) 56 
 
1) measured at 25°C 
2) measured at 20°C 
 
 
Many research groups have performed crystal structure studies on various dialkyl and 
diaryl disulfonimides,64, , ,65 66 67 in order to investigate especially the substituent effect on the 
length of the S-N bond. One interesting feature is that in dibenzenesulfonimide 19, the 
two phenyl rings are transoid towards each other, most likely to minimise steric 
interaction. In the anion 20, however, the phenyl rings are positioned cisoid, to allow the 
negative charge to be in close proximity to the sodium ion (Figure 1.5). Another 
recognised feature of disulfonimide functionalities is that they exhibit restricted rotational 
freedom.68
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Figure 1.5 
1.2 NOMENCLATURE 
In this thesis the IUPAC rules for nomenclature are used. For compounds in which two 
RSO2 units are attached to the same trivalent nitrogen atom, a variety of names has been 
introduced in the literature, such as disulfonamide,69,70 disulfonylimides, disulfonimides, 
sulfonimides, sulfimides, and disulfimides. In this thesis these (RSO2)NR' compounds are 
referred to as disulfonimides. Some other examples of compound names that are used in 
this thesis are shown in Figure 1.6. 
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Figure 1.6 
 
1.3 AIM OF THE RESEARCH 
For the research described in thesis, sulfonamides and disulfonimides are the key units of 
interest. Although sulfonamide- and disulfonimide-functionalised compounds have been 
known for a long time, their use and applicability in asymmetric transformation chemistry 
is still relatively unexplored. The aim of the research described in this thesis was to gain 
more insight into the synthetic accessibility and applicability of heterocyclic ligands 
containing a sulfonamide unit as an extra chelating entity. Oxazolines and aziridines are 
the heterocyclic structures used in the design of these ligands. Sulfonamide and 
disulfonimide functionalisation may be instrumental in the chirality transfer of these 
ligands. Also a series of new types of bis-oxazolines was investigated. In addition, a part 
of the research is devoted to dendritic-type structures containing sterically demanding 
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disulfonimide groups. The idea was to prepare and investigate small sterically crowded 
structures which could serve as scaffold for reactive functionalities. Disulfonimide 
functionalisation was chosen, because the characteristic feature of these disulfonimide 
functionalities is that they show restricted rotational freedom.   
1.4 OUTLINE OF THIS THESIS 
In Chapter 1, a brief introduction to the key compounds of this thesis, viz. oxazolines, 
bis-oxazolines, aziridines, sulfonamides, and disulfonimides, is presented. 
Chapter 2 is devoted to the synthesis of oxazolines containing a sulfonamide unit as extra 
chelating group. The oxazolines were studied as chiral ligands in two asymmetric 
reactions, i.e. a copper catalysed cyclopropanation and the diethylzinc addition to 
aldehydes. 
In Chapter 3, an overview is given of the synthesis of various bis-oxazolines. In this 
chapter attention is focussed on some specific synthetic bottlenecks. In addition, further 
functionalisation of C4-functionalised bis-oxazolines is described. The catalytic 
applicability of some ester functionalised bis-oxazolines is described as well. 
The synthesis and application of N-sulfonyl-aziridin-2-yl carbinols in asymmetric 
transformations is described in Chapter 4.  
In Chapter 5, the results of a preliminary study towards sterically demanding 
disulfonimide functionalised structures are presented. This study is mainly focussed on 
the synthetic accessibility of disulfonimides with dendritic-like structures. The reactions of 
three types of diamines with various sulfonyl chlorides are described as well. 
Summaries in English and Dutch conclude the scientific part of this thesis. 
1.5 REFERENCES 
 
 
1  L. Pasteur, Ann. Chim. Phys., 1848, 24, 442-459. 
2  Typical examples can be found in Chapter 3 (Scheme 3.2) of this thesis. 
3  V. Alezra, C. Bouchet, L. Micouin, M. Bonin, H.-P. Husson, Tetrahedron Lett., 2000, 41, 
655-658. 
4  Industrial source of (cheap) chiral precursors (for example, fermentation products and 
(semi-)synthetic bulk products) for the preparation of various other chiral compounds. 
5  Well known examples include the Sharpless epoxidation and Sharpless dihydroxylation. 
6  T. Vries, H. Wynberg, E. van Echten, J. Koek, W. ten Hoeve, R.M. Kellogg, Q.B. Broxterman, 
A. Minnaard, B. Kaptein, S. van der Sluis, L. Hulshof, J. Kooistra, Angew. Chem. Int. Ed., 
1998, 37, 2349-2354. 
7  A.N. Collins, G.N. Sheldrake, J. Crosby (Eds.), Chirality in Industry, Wiley, Chichester, 1997, 
Chapters 5-8. 
8  G.J. Kemperman, Clathrate Type Complexation of Cephalosporin Antibiotics - Function, 
design, and application, Ph.D. thesis, University of Nijmegen, The Netherlands, 2001.  
  9
Chapter 1 
 
9  S. Müller, Studies on Inclusion Resolution: Gaining insight into chemical and physical 
properties, Ph.D. thesis, University of Nijmegen, The Netherlands, 2003. 
10  M.C. Afraz, New Leads to Resolutions - The Family Approach, Ph.D. thesis, University of 
Nijmegen, The Netherlands, 2003. 
11  J. Seyden-Penne (Ed.), Chiral Auxiliaries and Ligands in Asymmetric Synthesis, Wiley 
Interscience: New York, 1995. 
12  R. Noyori, Asymmetric Catalysis in Organic Synthesis, Wiley Interscience: New York, 1994. 
13  I. Ojima (Ed.), Catalytic Asymmetric Synthesis, VCH Publishers: New York, 1993. 
14  M. Gómez, G. Muller, M. Rocamora, Coordination Chemistry Reviews, 1999, 193-195, 769-
835 and references cited therein. 
15  G.J. Rowlands, Tetrahedron, 2001, 57, 1865-1882 and references cited therein. 
16  K.B. Sharpless, Tetrahedron, 1994, 50, 4235-4258. 
17  H.C. Kolb, M.S. VanNieuwenhze, K.B. Sharpless, Chem. Rev., 1994, 94, 2483-2547. 
18  S. Wallbaum, J. Martens, Tetrahedron: Asymmetry, 1992, 3, 1475-1504 and references cited 
therein. 
19  A.K. Ghosh, P. Mathivanan, J. Cappiello, Tetrahedron: Asymmetry, 1998, 9, 1-45. 
20  A. Pfaltz, Acc. Chem. Res., 1993, 26, 339-345. 
21  H.W. Heine, M.E. Fetter, E.M. Nicholson, J. Am. Chem. Soc., 1959, 81, 2202-2204. 
22  H.W. Heine, Angew. Chem., 1962, 74, 772-776. 
23  H.W. Heine, D.C. King, L.A. Portland, J. Org. Chem, 1966, 31, 2662-2665. 
24  H.W. Heine, M.S. Kaplan, J. Org. Chem., 1967, 32, 3069-3074. 
25  L. Thijs, Chemistry of Functionalized Small-ring Heterocycles, Ph.D. thesis, University of 
Nijmegen, The Netherlands, 2003. 
26  T.G. Gant, M.C. Noe, E.J. Corey, Tetrahedron Lett., 1995, 36, 8745-8748. 
27  Ladenburg, Abel, Ber. Dtsch. Chem. Ges., 1888, 21, 758. 
28  S. Gabriel, Ber. Dtsch. Chem. Ges., 1888, 21, 1049-1057. 
29  S. Gabriel, Ber. Dtsch. Chem. Ges., 1888, 21, 2664-2669. 
30  H.I. Osborn, J. Sweeney, Tetrahedron: Asymmetry, 1997, 8, 1693-1715, and references 
cited therein. 
31  W. McCoull, F.A. Davis, Synthesis, 2000, 1347-1365 and references cited therein. 
32  B. Zwanenburg, P. ten Holte, Topics in Current Chemistry, 2001, 216, 93-124. 
33  N.A.J.M. Sommerdijk, P.J.J.A. Buynsters, H. Akdemir, D.G. Geurts, R.J.M. Nolte, B. 
Zwanenburg, J. Org. Chem., 1997, 62, 4955-4960. 
34  J.G.H. Willems, M.C. Hersmis, R. de Gelder, J.M.M. Smits, J.B. Hammink, F.J. Dommerholt, 
L. Thijs, B. Zwanenburg, J. Chem. Soc., Perkin Trans. 1, 1997, 963-967. 
35  See section 2.3 in ref. 30. 
36  See section 2.5 in ref. 30. 
37  D. Tanner, Angew. Chem. Int. Ed., 1994, 33, 599-619 and references cited therein. 
38  See section 3.1 in ref. 32. 
39  J. Legters, L. Thijs, B. Zwanenburg, Recl. Trav. Chim. Pays-Bas, 1992, 111, 16-21. 
40  J. Legters, J.G.H. Willems, L. Thijs, B. Zwanenburg, Recl. Trav. Chim. Pays-Bas, 1992, 111, 
59-68. 
41  B. Zwanenburg, L. Thijs, Pure Applied Chem., 1996, 68, 735-738. 
42  B. Zwanenburg, Pure Applied Chem., 1999, 71, 423-430. 
43  C.F. Lawrence, Functionalised Aziridines in Synthesis and Catalysis, Ph.D. thesis, University 
of Nijmegen, The Netherlands, 2003. 
44  D. Tanner, H.T. Kornø, D. Guijarro, P.G. Andersson, Tetrahedron, 1998, 54, 14213-14232. 
45  C.F. Lawrence, S.K. Nayak, L. Thijs, B. Zwanenburg, Synlett, 1999, 1571-1572. 
46  P. ten Holte, J.-P. Wijgergangs, L. Thijs, B. Zwanenburg, Org. Lett., 1999, 1, 1095-1097. 
47  See chapter 2, p. 21 in ref. 43. 
 
  10
General Introduction 
 
48  J.M. Yun, T.B. Sim, H.S. Hahm, W.K. Lee, J. Org. Chem., 2003, 68, 7675-7680. 
49  S. Fürmeier, J.O. Metzger, Eur. J. Org. Chem., 2003, 649-659. 
50  L.R. Comstock, S.R. Rajski, Tetrahedron, 2002, 58, 6019-6026. 
51  S. Searles, S. Nukina, Chem. Rev., 1959, 59, 1077-1103. 
52  US patent to May & Baker Limited: US 2,275,354, 1942 (grant of patent). 
53  German Patentschrift to Hoffmann-La Roche & Co: DE 195 466, 1938 (publication). 
54  S. Hanessian, N. Moitessier, L.-D. Cantin, Tetrahedron, 2001, 57, 6885-6900. 
55  European Patent to Cytec Technology Corporation: EP-B-0 453 730, 1991 (publication). 
56  J.F. King, The Chemistry of Sulphonic Acids, Esters and Their Derivatives (Chapter 6 - 
Acidity), S. Patai, Z. Rappoport (Ed.), John Wiley & Sons Ltd., 1991, 250-259. 
57  P.J. DeChristopher, J.P. Adamek, G.D. Lyon, S.A. Klein, R.J. Baumgarten, J. Org. Chem., 
1974, 39, 3525-3532. 
58  R.A. Bartsch, J.R. Allaway, D.D. Ingram, J.G. Lee, J. Am. Chem. Soc., 1975, 97, 6873. 
59  V.A. Curtis, F.J. Knutson, R.J. Baumgarten, Tetrahedron Lett., 1981, 22, 199-202. 
60  K. Sørbye, C. Tautermann, P. Carlsen, A. Fiksdahl, Tetrahedron: Asymmetry, 1998, 9, 681-
689. 
61  L.A. Paquette, C.S. Ra, J.D. Schloss, S.M. Leit, J.C. Gallucci, J. Org. Chem., 2001, 66, 
3564-3573. 
62  R.T. Morrison, R.N. Boyd, Organic Chemistry, Prentice-Hall International Editions, 1992 (6th 
Edition). 
63  G. Dauphin, A. Kergomard, Bull. Soc. Chim. Fr., 1961, 3, 486-492. 
64  F.A. Cotton, P.F. Stokely, J. Am. Chem. Soc., 1970, 92, 294-302. 
65  R. Attig, D. Mootz, Acta Cryst., 1975, B31, 1212-1214. 
66  S.F. Lincoln, I.B. Mahadevan, E.R.T. Tiekink, A.D. Ward, Acta Cryst., 1993, C49, 1775-
1777. 
67  P. Bombicz, M. Czugler, A. Kálmán, I. Kapovits, Acta Cryst., 1996, B52, 720-727. 
68  H.C.A. van Lindert, J.A. van Doorn, B.H. Bakker, H. Cerfontain, Rec. Trav. Chim. Pays-Bas, 
1996, 115, 167-178. 
69  In order to prevent ambiguity, in this thesis compounds having two sulfonamide moieties are 
referred to as "bis-sulfonamides" instead of "disulfonamides".  
70  "IUPAC Definitive Rules for Nomenclature of Organic Chemistry, Section C-6", Pure Appl. 
Chem., 1965, 11(1), 3-230. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  11
Chapter 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  12
SYNTHESIS OF SULFONAMIDE-
CONTAINING OXAZOLINES AS 
POTENTIAL LIGANDS IN 
ASYMMETRIC REACTIONS 
 
2.1 INTRODUCTION 
Since the first preparation of an oxazoline by Andreasch in 1884,1 the chemistry of 
oxazolines, also known as 4,5-dihydro-1,3-oxazoles (Figure 2.1), has received ever 
growing attention. Almost simultaneously with the increasing activity in the field of 
asymmetric catalytic synthesis, the oxazoline chemistry has evolved into a rapidly 
growing area of research. This is reflected in about 250 publications in the last two 
decades, especially regarding their application as chiral coordination compound in metal 
catalysed transformations.2,3
 
NO
H H
1
2
3
45
4,5-dihydro-1,3-oxazole
or: oxazoline
 
 
Figure 2.1   
 
Besides the importance of oxazolines as chiral ligands in asymmetric metal catalysed 
synthesis, oxazolines (or their sulfur-containing analogues: thiazolines) are also present in 
natural products4, , ,5 6 7 and form intermediates in the (partial) synthesis of naturally 
occurring compounds (Scheme 2.1).8,9
Wipf and co-workers have reported a nice example of the presence of oxazoline units in 
natural products. They described the synthesis of Lissoclinum cyclopeptide alkaloids 1-3 
(Figure 2.2), which are metabolites that have been isolated from ascidians. In these 
Lissoclinum metabolites, oxazolines, thiazolines, and amino acid residues alternate to 
give compounds that show moderate to good cytotoxic activity.  
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Figure 2.2 
 
More examples regarding the presence of thiazolines in natural products have recently 
been published.5,10 For example, in 1996 micacocidin 4a (Figure 2.3) was isolated from 
the culture broth of Pseudomonas sp. as a stable zinc complex. Micacocidin 4a is a 
potent anti-biotic that shows specific antimycoplasma activity. A bacterium called 
Mycoplasma pneumoniae infects a wide range of plants, insects, domestic animals, fowl, 
as well as human beings. The total synthesis of micacocidin 4a was recently reported by 
Ino and co-workers.11,12
Structurally related to micacocidin 4a is yersiniabactin 4b (Figure 2.3). Ino and co-
workers have accomplished the total synthesis of this siderophore, originally isolated 
from the coccoid bacterium Yersinia enterocolitica. 
 
N
S
N
S
N
S
R Me
Me
Me
OHHH
Me
HOOC
Micacocidin 4a (R=C5H11) 
Yersiniabactin 4b (R=H)
 
 
Figure 2.3 
 
As mentioned above, oxazolines are also used as intermediates for the inversion of β-
amino-α-hydroxy amino acids. Bunnage et al. have published two elegant examples 
wherein the oxazoline inversion protocol is applied, namely as a practical strategy for the 
synthesis of the C13 side chain of Taxol
® 5, and in the elucidation of the structure of the 
amino acid component of microginin 6, a pseudopentapeptide ACE-inhibitor which has 
been isolated from the freshwater blue-green alga Microcystis aeruginosa (Scheme 
2.1).9,13
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Scheme 2.1 
 
The activity in the field of oxazoline chemistry, stimulated by the search for more efficient 
and enantioselective syntheses, has resulted, above all, in a variety of differently 
substituted oxazolines for use as chiral ligands in metal catalysed reactions. Oxazolines 
that have received relatively limited attention are sulfonamide-containing oxazolines. 
This is rather surprising, since sulfonamides derived from chiral amines and diamines 
have recently emerged as extremely useful in asymmetric synthesis. Chiral sulfonamide-
containing ligands, such as, e.g., sulfonamide ligand 714 and bis-sulfonamide 8a,15 have 
been used in combination with a number of metals (Figure 2.4). 
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Chapter 2 
These metal sulfonamide ligand complexes have been employed in several asymmetric 
transformation reactions, including cyclopropanation (Zn),14,16,17 Mukaiyama aldol 
reaction (Lanthanides),18 enantioselective Michael additions (Cu),19 Diels-Alder reaction 
(Al),20 and (titanium-mediated) dialkylzinc additions to aldehydes and ketones (Zn 
(+Ti)).15,21, ,22 23 One of the few examples of sulfonamide-containing oxazolines was 
reported by Ichiyanagi et al.24,25 (Figure 2.5). The ligands were used in asymmetric 
cyclopropanation reactions of simple olefins with diazoacetate, using copper-oxazoline 
complex 9b.  Chiral magnesium complexes derived from the oxazolines 9a have been 
used in the Diels-Alder reaction of 3-alkenoyl-1,3-oxazolidin-2-ones with 
cyclopentadiene to give the endo-isomer as sole product. 
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Figure 2.5 
 
Although the versatility of chiral sulfonamides is recognised, the exact way in which these 
sulfonamides control the reaction is not clear. Only a few publications mention the 
behaviour of the sulfonamide group within the metal-ligand concept. However, the 
opinions and experimental observations are highly contrasting. For example, Pritchett et 
al.  have shown by means of X-ray studies that the two sulfonyl groups of their ligand 8 
coordinate to the metal centre, in this case titanium, through the oxygen atoms of the 
sulfonamide moiety (Figure 2.4). This titanium-sulfonyl oxygen coordination maintains a 
rigid C2-symmetric environment. In contrast, Ichinayagi et al.  gave a detailed mechanistic 
explanation of their copper-catalysed cyclopropanation using a chiral sulfonamide ligand, 
in which they do not give any indication of the coordination with the oxygen atoms of 
the sulfonamide moiety. 
In this chapter the synthesis of some 4-arylsulfonylaminomethyl-1,3-oxazolines 10 
(Scheme 2.2) will be described. The aim of this work is to further explore the scope of 
sulfonamide-containing ligands. First of all, this is interesting from a synthetic point of 
view as these oxazolines are unknown. Secondly, this kind of ligand may provide more 
insight into the role that a sulfonamide unit may play in metal-ligand catalysed reactions. 
The introduction of a simple sulfonamide unit, such as a p-toluenesulfonamide, was 
attempted in various ways to obtain a first impression about the synthetic accessibility. 
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2.2 RESULTS AND DISCUSSION 
Retrosynthetic analysis of the sulfonamide-containing oxazoline 10 suggests a coupling 
reaction of an appropriate sulfonyl compound B with an oxazoline A, as is depicted in 
Scheme 2.2. 
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Scheme 2.2 
 
An attractive approach seems to be the use of an oxazoline A wherein the group X is a 
hydroxy group. Subsequently, this hydroxy group can easily be converted into various 
other (amino) functional groups. In other words, 4-hydroxymethyl-oxazoline 14 is 
required. The hydroxymethyl group can be obtained by reduction of the 4-ester 
functionalised oxazoline 13 (Scheme 2.3). For the synthesis of oxazolines from amino 
alcohols several pathways with various reagents are known,26 for instance, Burgess 
reagent (Et3N
+SO2N¯CO2Me),
5,27 Vilsmeier reagent (ClCH=NMe2Cl),
28 DAST reagent 
(Et2NSF3),
29 triphenylphosphine/triethylamine/tetrachloromethane in the Appel reaction 
(via the activated triphenylphosphonium ester into the corresponding intermediate 
amide),30,31 triphenylphosphine/diethyl azodicarboxylate (DEAD) in the Mitsunobu 
reaction, and thionyl chloride.32 However, 4-ester functionalised oxazoline 13 is most 
frequently prepared by a condensation of imidate hydrochloride 11 with serine methyl 
ester hydrochloride 12 (Scheme 2.3).33 Since optically active oxazolines are needed, the 
corresponding enantiopure L-( or D-)serine derivatives were used. The choice of the base 
appeared more relevant than initially anticipated. Meyers et al.  used triethylamine as the 
base, which gave acceptable yields. However, replacement of triethylamine by potassium 
carbonate led to a remarkable improvement of the purity of the reaction mixture and as a 
consequence, higher yields of ester functionalised oxazoline 13 were achieved. Closer 
inspection of the triethylamine-mediated reaction indicated that the triethylamine was 
responsible for the formation of the specific rearrangement product 15 as a by-product. 
A possible explanation for this observation may be that dissolved triethylamine can easily 
remove the relatively acidic proton on the C4 carbon of the oxazoline 13b. This is less 
likely to happen with the solid base potassium carbonate. Analysis of the by-product 15 
by 1H-NMR, IR, and optical rotation34 revealed that methyl 2-(benzoylamino)acrylate 15 
was formed. For the preparation of the 4-ester functionalised oxazoline 13a, potassium 
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carbonate was used, although all procedures described in the literature for the synthesis 
of this compound use triethylamine instead. The use of potassium carbonate gave the 
desired reaction and yields of up to 85% could be achieved. 
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(i) K2CO3 (or Et3N) [When Et3N was used for the preparation of 13b, the product partly 
rearranged to 2-(benzoylamino)acrylate 15], dichloromethane/water, room temperature, 
15 min; (ii) 1,2-dichloroethane, reflux conditions, 20h; (iii) DIBAH, tetrahydrofuran, 0°C, 
2.5h. 
 
Scheme 2.3 
 
It is of crucial importance that the chirality at the C4 carbon is maintained during the 
reduction process of the ester group of oxazoline 13. Meyers et al.35 reported that 
reduction of the 4-ester moiety of the 2-methyl substituted oxazoline 13a with bis(2-
methoxyethoxy)aluminium hydride (Red-Al) resulted in circa 10% racemisation. In an 
attempt to prevent racemisation, other reduction methods were applied for the 4-ester 
function of oxazoline 13a. Reduction with lithium aluminium hydride (LAH) or, 
alternatively, diisobutylaluminium hydride (DIBAH) resulted in a very problematic work-
up, and no desired product could be isolated. Fortunately, the reduction of the ester 
moiety of 2-phenyl substituted oxazoline 13b was more successful. The reduction was 
performed with diisobutylaluminium hydride according to a literature procedure.36 The 
reduced compound, 4-hydroxymethyl oxazoline 14b, was obtained in good yield and 
more importantly with unchanged enantiopurity (Scheme 2.3). No problems were 
encountered during work-up, in contrast to the reduction of 13a with 
diisobutylaluminium hydride.  
Having 4-hydroxymethyl oxazoline 14b in hand, the next step was to find the best 
procedure for its conversion into the sulfonamide-containing oxazolines 10. As a first 
approach for introduction of the sulfonamide group a straightforward coupling of amine 
18 with the appropriate sulfonyl chloride was considered (Scheme 2.4). For this purpose, 
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the hydroxy group of oxazoline 14b was converted in a conventional way into tosylated 
oxazoline 16, by treatment with p-toluenesulfonyl chloride and an appropriate base 
(triethylamine).37 Subsequently, nucleophilic substitution of the tosylate group with 
sodium azide in hot N,N-dimethylformamide, as described by Atami et al.,38 gave the 
corresponding azide-containing oxazoline 17. However, problems were encountered in 
the last two steps, viz. reduction of the azide moiety and the subsequent coupling of the 
amino group with the appropriate sulfonyl chloride. Neither the attempt in two steps nor 
a one-pot attempt did produce the desired sulfonamide oxazoline 10. In the latter case, 
the reaction mixture was very difficult to purify.  
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(i) p-CH3PhSO2Cl, Et3N, dichloromethane, room temperature, overnight; (ii) NaN3, N,N-dimethylformamide, 120°C, 
24h; (iii) PPh3, tetrahydrofuran/water, room temperature, 24h; (iv) RSO2Cl, Et3N, tetrahydrofuran, room temperature, 
overnight. 
 
Scheme 2.4 
 
No further attempts were made to obtain sulfonamide oxazoline 10 is this manner, and 
attention was shifted to another strategy, namely nucleophilic substitution of tosylated 
oxazoline 16 with a sulfonamide-containing substrate. Bock and co-workers39 reported 
the tosylation of an alcohol group and the subsequent displacement of the tosylate 
moiety with freshly prepared sodium salt of benzenesulfonamides to give N-substituted 
sulfonamides. Following this method, tosylated oxazoline 16 was added to a suspension 
of sodium salt of p-toluenesulfonamide 19 (Scheme 2.5). In order to completely dissolve 
the compounds, circa 25% N,N-dimethylformamide (v/v relative to the amount of 
tetrahydrofuran) was added as a co-solvent. The thus obtained clear solution was stirred 
under reflux conditions, similar to the procedure described by Bock et al.  After cooling of 
the reaction mixture to ambient temperature and subsequent work-up, a single product 
was obtained. However, 1H-NMR analysis revealed that the obtained product was not 
the desired one. Most likely, sulfonamide oxazoline derivative 20 had been formed, 
which is the N,N-dimethylformamide adduct of oxazoline 16 and p-toluenesulfonamide 
19 as depicted in Scheme 2.5. No efforts were made to fully characterise this product. 
With hindsight, N-methylpyrrolidone could have been used instead of N,N-
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dimethylformamide. N-Methylpyrrolidone has similar properties to 
N,N-dimethylformamide but is presumably inert towards sulfonamide anion. 
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Scheme 2.5 
 
In another nucleophilic approach, Fukuyama et al.40 reported that N-monoalkylated 
sulfonamide could be alkylated efficiently under conventional conditions, using a 
substrate with a good leaving group. With potassium carbonate as the base in N,N-
dimethylformamide at room temperature, this procedure gave N,N-disubstituted 
sulfonamides in almost quantitative yields. Applying this method, tosylated oxazoline 16 
and N-Boc-toluenesulfonamide 21 were converted into N-Boc-sulfonamide-containing 
oxazoline 22a, albeit in moderate yield (55%). The required N-Boc-toluenesulfonamide 
21a was prepared in near quantitative yield as described by Neustadt41 by reacting p-
toluenesulfonamide 19 with di-tert-butyl dicarbonate in the presence of triethylamine. 
Tosylated oxazoline 16 and sulfonamide 21a were reacted for 24h at 80°C in order to 
obtain product 22a. As the yield for this coupling is only moderate, another method was 
chosen to obtain the oxazolines 10. 
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(i) Sulfonamide 21a, K2CO3, N,N-dimethylformamide, 80°C, 24h. 
 
Scheme 2.6 
 
The next method considered was the Mitsunobu reaction.42 In the Mitsunobu reaction, a 
hydroxy group can be replaced by a wide variety of nucleophiles. Although also 
mentioned by Fukuyama et al., one of the first reports regarding the Mitsunobu reaction 
of N-alkyl and N-acyl sulfonamides as an efficient route to protected amines was 
published by Weinreb and co-workers.43 They found that the use of p-toluene-
sulfonamide 19 is not practical, since it forms a non-reactive product with 
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triphenylphosphine. However, N-alkylated (and N-acylated) sulfonamides could be used 
for the replacement of a hydroxy group. Unfortunately, the yields of the reactions with N-
alkylated sulfonamides are generally moderate, since a diethyl azodicarboxylate N-
alkylated by-product is formed in most cases. Only the intramolecular Mitsunobu 
cyclisation of N-alkylsulfonamide alcohols proceeded in good yields, because of the 
favourable competition of the ring-closure with the diethyl azodicarboxylate alkylation 
(Scheme 2.7, line A). 
 
NHOH
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N
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OH N
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(i) DEAD, PPh3, tetrahydrofuran, room temperature; (ii) p-CH3Ph-
SO2NHCO2C(CH3)3 21, DEAD, PPh3, tetrahydrofuran, room temperature; 
(iii) dimethyl sulfoxide, 170-180°C, 20 min. 
 
Scheme 2.7 
 
Gratifyingly, the acylated compound N-Boc-p-toluenesulfonamide 21a turned out to be 
extremely effective in the Mitsunobu reaction with several alcohols, e.g. primary, 
secondary, and allylic alcohols (Scheme 2.7, line B). Apparently, by acetylating the 
sulfonamide, the acidity of the sulfonamide proton is increased and as a consequence, 
this activates the nucleophilicity of the sulfonamide nitrogen in the coupling reaction. The 
Boc-moiety could be easily removed in just 20 minutes by thermolysis in dimethyl 
sulfoxide to give the Boc-deprotected sulfonamide in yields up to 85%. Recently, also 
O'Brien and co-workers44 successfully combined a secondary alcohol with N-Boc-
sulfonamide under conventional Mitsunobu conditions, to furnish good yields of N-
diprotected compounds. 
A test reaction was performed with 4-hydroxymethyl oxazoline 14b and N-Boc-p-
toluenesulfonamide 21a. The major concern was whether the oxazoline ring would 
survive the conditions applied for the thermolytic removal of the Boc-group.  Fortunately, 
the Mitsunobu step took place smoothly, and N-Boc-sulfonamide-containing oxazoline 
22a was obtained in good yield. The product was slightly contaminated with some 
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unreacted N-Boc-p-toluenesulfonamide 21a. The crude mixture was used as such in the 
subsequent thermolysis step in order to remove the Boc-group from the oxazoline 22a. 
This deprotection of N-Boc-sulfonamide-containing oxazoline 22a gave just 45% of the 
desired sulfonamide oxazoline 10a. This result was somewhat disappointing, since in 
Weinreb's procedure this thermolysis step proceeded in very good yield. Despite this 
moderate result in the thermolytic deprotection and as no better method for the removal 
of the Boc-group was available, it was decided to use this route for the synthesis of some 
additional examples of sulfonamide-containing oxazolines 10 (Scheme 2.8). 
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Scheme 2.8 
 
The required N-Boc-sulfonamides 21 were readily obtained by sulfonylation of tert-butyl 
carbamate 23, which in turn was prepared from di-tert-butyl dicarbonate and 
ammonia.45 Deprotonation of carbamate 23 with lithium hexamethyldisilazide 
(LiHMDS)46 and subsequent treatment with the appropriate sulfonyl chloride 2447 gave 
the desired Boc-sulfonamides 21a-f. Sulfonamide 21a was readily obtainable from 
commercially available p-toluenesulfonamide 19 by reaction with di-tert-butyl 
dicarbonate as described above. These Boc-sulfonamides were brought into reaction 
with hydroxymethyl oxazoline 14b using the Mitsunobu conditions (Scheme 2.8). The 
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compounds 10a-c were obtained in this manner in acceptable yields (Table 2.1). The 
product 10c contained a small amount of a contaminant, which could not be removed. 
 
Table 2.1 Synthesis of sulfonamide-containing oxazolines 10a-f 
 
Entry Compound 21 Yield (%) of 22 Yield (%) of 10 
1 a (4-methylphenyl) 811) -4)
2 a (4-methylphenyl) n.d.2,3) 55 
3 b (4-dodecylphenyl) >952) 54 
4 c (2,4,6-triisopropylphenyl) 842) 305)
5 d (2,4-dinitrophenyl) 212) -4)
6 e (3,5-dichloro-2-hydroxyphenyl) Mixture2) -4)
7 f (5-(dimethylamino)-1-naphthyl) Mixture2) Mixture of compounds 
 
1) 2-step procedure: (a) preparation of tosylated 14a, (b) K2CO3, 21a, N,N-dimethylformamide, 60°C, 1h 
2) Mitsunobu reaction conditions 
3) n.d. = not determined 
4) Not performed 
5) Slightly contaminated 
 
 
However, difficulties were encountered during the preparation of sulfonamide 22d. The 
Mitsunobu coupling gave a yield of 21% only. This low yield was unexpected in view of 
the literature report48 that N-monosubstituted 2,4-dinitrobenzenesulfonamides can be 
alkylated efficiently under Mitsunobu conditions. The amount of product 22d obtained 
was too small to perform the deprotection procedure. Attempts to prepare 4-(3,5-
dichloro-2-hydroxy-phenylsulfonylaminomethyl)-oxazoline 22e were not successful. The 
corresponding compound 10e would have been of interest because sulfonamides 
containing a similar phenol moiety have been successfully applied in, for example, 
asymmetric cyclopropanation of allylic alcohols, enantioselective Michael additions, and 
diethylzinc additions to aldehydes.21,23 Oxazoline 10e and the dansyl substituted 
oxazoline 10f were not accessible by this method, as mixtures of products were obtained 
during the Mitsunobu coupling. 
The oxazoline ligand 10a was used to investigate its capabilities in chirality transfer 
reactions. Four types of reactions were investigated, namely the borane-mediated 
reduction of propiophenone,49,50 the titanium-mediated diethylzinc addition to 
benzaldehyde,51, ,52 53 the diethylzinc addition to benzaldehyde,54,55 and the copper-
catalysed cyclopropanation of styrene with ethyl diazoacetate24,56 (Scheme 2.9, reactions 
A-D, respectively). In an attempt to perform the borane-mediated reduction and the 
titanium-mediated diethylzinc addition, no indication of product formation was obtained. 
The diethylzinc addition (in the absence of titanium(IV) isopropoxide) to benzaldehyde 
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proceeded extremely slow and the circa 10% product that was formed was found to be 
racemic. Gratifyingly, the copper catalysed cyclopropanation of styrene with ethyl 
diazoacetate gave circa 75% conversion and trans and cis product was obtained, albeit 
with a poor enantiomeric excess of 10% and 7%. Based on these results it may be 
concluded that sulfonamide-containing oxazoline 10a is not very effective as chiral 
ligand in these asymmetric reactions. Further modifications of the sulfonamide moiety 
need to be investigated, before firmer conclusions can be drawn about these types of 
ligands. The reactions described in Scheme 2.9 were conducted in the usual manner. 
The ligand 10a was treated with borane dimethyl sulfide complex, titanium(IV) 
isopropoxide, diethylzinc, and copper(I) triflate benzene complex for reactions A-D, 
respectively. 
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2.3 CONCLUDING REMARKS 
The aim of the research described in this chapter was to prepare some sulfonamide-
containing oxazolines which could serve as chiral ligands in various asymmetric 
syntheses. The 4-arylsulfonylaminomethyl-sulfonamide oxazolines were prepared by a 
Mitsunobu coupling of 4-hydroxymethyl-oxazolines with various N-Boc-sulfonamides 
and subsequent removal of the protecting Boc group. Three representatives of the 
desired chiral ligands were obtained in acceptable yields. Arylsulfonamides with other 
substituents were not accessible in this manner. Preliminary experiments to use these 
sulfonamide-containing oxazolines as chiral ligands in asymmetric reactions did not show 
the expected chirality transfer. Further experimentation and structural modification of the 
ligands are needed. 
2.4 EXPERIMENTAL SECTION 
General remarks 
1H-NMR and 13C-NMR spectra were recorded on a Bruker AC-100 (100 MHz, FT) or a 
Bruker AC-300 (300 MHz, FT) spectrometer. Chloroform-d3 (CDCl3) was used as 
solvent, unless indicated otherwise. Chemical shifts δ are given in ppm relative to TMS as 
internal standard, or relative to the solvent signal of the solvent of choice. Coupling 
constants are reported as 3J in Hz, unless indicated otherwise. Optical rotations were 
measured using a Perkin-Elmer automatic polarimeter, model 241MC, at 20°C using a 
Na-source at 589 nm. Infrared spectra were recorded on a Perkin-Elmer 298 infrared 
spectrophotometer, or using an ATI Mattson Genesis Series FTIR. Melting points were 
determined using a Reichert Thermopan microscope with crossed polarisers 
(uncorrected) or a Büchi Melting Point B-545 apparatus (corrected). GLC measurements 
were conducted with a Hewlett-Packard HP5890 Series II gas chromatograph, using an 
apolar capillary column (HP-1 column, length 25m, internal diameter 0.32mm, film 
thickness 0.17µm, and nitrogen (2 ml/min) as the carrier gas). For chiral GLC, a Hewlett-
Packard HP 6890 Series GC System was used, with one of the following chiral columns 
α-CD, β-CD, and γ-CD, respectively (α-CD: SUPELCO Alpha-DEX 120TM column 
(length 30m, internal diameter 0.25mm, film thickness 0.25µm, hydrogen (3.2 ml/min) 
as the carrier gas); β-CD: VARIAN Chrompack CP-Chirasil-DEX CB (length 25m, 
internal diameter 0.25mm, film thickness 0.25µm, hydrogen (1.1 ml/min) as the carrier 
gas); γ-CD: SUPELCO Gamma-DEX 120TM (length 30m, internal diameter 0.25mm, film 
thickness 0.25µm, hydrogen (3.2 ml/min) as the carrier gas). GC-MS spectra were 
measured on a Varian Saturn II GC-MS by on-column injection (DB-1 column, length 30 
m, internal diameter 0.25 mm, film thickness 0.25 µm). For mass spectra a double-
focussing VG7070E mass spectrometer was used. For thin layer chromatography (TLC) 
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Merck pre-coated silica gel 60 F254 plates were used with eluents as indicated. Column 
chromatography was performed at atmospheric pressure on Baker silica gel 60 (63-200 
mesh). Systematic names were generated with the ACD/Name v2.51 software program 
(Advanced Chemistry Development Inc.) and modified where necessary. 
Chemicals 
Heptane and dichloromethane were distilled over calcium hydride. Ethyl acetate was 
distilled over potassium carbonate and acetonitrile was distilled over phosphorus 
pentoxide. All distilled solvents were stored over 4Å molecular sieves. Tetrahydrofuran 
was pre-dried over calcium chloride and freshly distilled over sodium/benzophenone 
prior to use. All other reagents were of analytical grade and used as such, unless 
indicated otherwise. Mixtures of solvents are given as volume/volume (v/v). 
Methyl (4S)-2-methyl-4,5-dihydro-1,3-oxazole-4-carboxylate (13a) 
To a solution of L-serine methyl ester hydrochloride (10.0 g, 71.5 mmol) in 
dichloromethane (50 ml), triethylamine (10.5 ml, 75 mmol) was added dropwise and the 
reaction mixture was stirred for 10 min at room temperature. Solid material was removed 
by filtration and the remaining clear solution was cooled (0°C) with ice. To this cooled 
solution, a solution of methyl acetimidate hydrochloride (7.60 g, 69.4 mmol) in 
dichloromethane (70 ml) was added. The reaction was stirred for 72h at ambient 
temperature. Water was added and the mixture was extracted with dichloromethane 
(3×). The collected organic layers were dried (Na2SO4) and concentrated in vacuo. The 
remaining yellow oil was purified by distillation under reduced pressure (100°C, 11 mm 
Hg), to give a colourless oil (7.33 g, 74%). 1H-NMR (100 MHz): δ 2.03 (s, 3H, 
OC(=N)CH3), 3.80 (s, 3H, OCH3), 4.29-4.58 (m, 2H, OCH2), 4.65-4.84 (m, 1H, CHN) 
ppm; IR (KBr): νmax 1667 (C=N, oxazoline), 1743 (C=O, ester) cm-1. These data were in 
agreement with the literature. 
Methyl (4S)-2-phenyl-4,5-dihydro-1,3-oxazole-4-carboxylate (13b) and methyl 2-
(benzoylamino)acrylate (15) 
To a solution of potassium carbonate (2.4 g, 17.3 mmol) in water (9 ml), 
dichloromethane (5 ml) and ethyl benzimidate hydrochloride (2.33 g, 12.5 mmol) were 
added successively under vigorous stirring. Stirring was continued for 15 min and the 
organic layer was removed. The remaining aqueous layer was extracted (2×) with 
dichloromethane. The combined organic layers were dried (MgSO4) and concentrated in 
vacuo. The oily residue was dissolved in 1,2-dichloroethane under an inert atmosphere 
and L-serine methyl ester hydrochloride (2.04 g, 13.1 mmol) was added in one portion. 
The mixture was stirred for 20h under reflux, allowed to cool to room temperature, 
filtered, and concentrated in vacuo. Purification by column chromatography (silica gel, 
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EtOAc 100%) afforded pure product 13b (2.28 g, 90%). Oxazoline 13b: Rf 0.29 
(heptane/ethyl acetate 1:1); 1H-NMR (100 MHz): δ 3.82 (s, 3H, OCH3), 4.48-4.79 (m, 
2H, OCH2), 4.98 (dd, 1H, J 7.3 Hz, J 10.9 Hz, NCH), 7.27-8.04 (m, 5H, Harom) ppm; MS 
(GC-EI): m/z (%) = 205 (10) [M]+, 173 (15), 146 (7), 105 (100), 77 (68) [C6H5]
+. These 
data were in agreement with the literature. 
The use of triethylamine as base (as described for the preparation of 13a) resulted in the 
formation of a mixture of products, viz. desired oxazoline 13b (Yield: 55%, after 
purification) and elimination product 15 (colourless oil, 7% yield after purification). 
Product 15: Rf 0.45 (heptane/ethyl acetate 1:1); 
1H-NMR (100 MHz): δ 3.90 (s, 3H, 
OCH3), 6.00 (d, 1H, 
4J 1.3 Hz, =CHH), 6.81 (s, 1H, =CHH), 7.46-7.90 (m, 5H, Harom), 
8.55 (br s, 1H, NH) ppm; 13C-NMR (75 MHz): δ 53.1 (CH3), 108.9 (CH2), 126.9 
(CHarom), 128.8 (CHarom), 131.0 (C), 132.1 (CHarom), 134.1 (Carom), 164.8 (C), 165.2 (C) 
ppm; IR (CHCl3): νmax 1512 (NH, amide), 1676 (C=O, amide), 1720 (C=O, ester), 3408 
(NH, amide) cm-1; MS (GC-EI): m/z (%) = 205 (3) [M]+, 105 (100) [C(O)Ph]+, 77 (59) 
[C6H5]
+. 
[(4S)-2-Methyl-4,5-dihydro-1,3-oxazol-4-yl]methanol (14a) 
To a cooled (0°C) solution of oxazoline 13a (1.64 g, 11.6 mmol) in diethyl ether (6 ml) 
Red-Al (3.64 ml of a ~3.5M solution in toluene, 12.7 mmol) diluted in toluene (20 ml) 
was added slowly. The reaction mixture was stirred for 20 min at 0°C and then carefully 
quenched with water. The organic layer was extracted successively with water (2×), 10% 
aqueous NaOH (1×), and water (1×). The combined aqueous layers were extracted with 
diethyl ether (2×) and the combined organic layers were dried (Na2SO4) and 
concentrated in vacuo to give a pale yellow oil (0.81 g, 61%). The product 14a was 
purified by short-path vacuum distillation (55°C, 0.03 mm Hg). Rf 0.12 (heptane/ethyl 
acetate 1:4); 1H-NMR (100 MHz): δ 1.98 (s, 3H, CH3), 3.46-4.46 (m, 6H, CH2CH-
CH2OH) ppm; [α]D +107.6 (c=1.00, CHCl3) (Lit.: [α]D +181.0 (c=0.99, CHCl3). 
Hence, the reduction of 13a was undoubtedly accompanied by some racemisation.  
[(4S)-2-Phenyl-4,5-dihydro-1,3-oxazol-4-yl]methanol (14b) 
To a cooled (0°C) solution of oxazoline 13b (2.28 g, 11.1 mmol) in dry tetrahydrofuran 
(50 ml), DIBAH (33 ml of a 1M solution in dichloromethane, 33 mmol) was added 
dropwise over a period of 1h. The yellow/green-coloured mixture was stirred for 1.5h at 
0°C. Saturated aqueous sodium tartrate was used to quench the reaction mixture, which 
was then stirred for another 2h and allowed to warm to ambient temperature. 
Subsequent extraction with ethyl acetate (3×), drying (MgSO4), concentration, and 
purification by column chromatography  (silica gel, EtOAc 100%) afforded pure 
compound 14b (1.61 g, 82%). Rf 0.14 (ethyl acetate); Mp 88.8°C (corr.); 1H-NMR (300 
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MHz): δ 3.67 (dd, 1H, 2J 11.5 Hz, J 3.9 Hz, CHHCHCH2OH), 3.97 (dd, 1H, 2J 11.5 Hz, 
J 3.4 Hz, CHHCHCH2OH), 4.31-4.53 (m, 3H, CH2CHCH2OH), 7.34-7.89 (m, 5H, 
Harom) ppm; [α]D +54.5 (c=1.00, EtOH). 1H-NMR data were in agreement with the 
literature.36, 57
[(4S)-2-Phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl 4-methyl-1-benzenesulfonate (16) 
To a solution of 4-hydroxymethylene-oxazoline 15 (250 mg, 1.41 mmol) in 
dichloromethane (10 ml), tosyl chloride (322 mg, 1.69 mmol) and triethylamine (0.23 
ml, 1.69 mmol) were successively added. The reaction mixture was stirred for 20h at 
room temperature and then washed with water (3×). After drying (MgSO4) and 
concentration in vacuo the product 16 was purified by column chromatography (silica 
gel, heptane/ethyl acetate 4:1, heptane/ethyl acetate 1:1, ethyl acetate) to give a white 
solid (320 mg, 69%). Rf 0.33 (heptane/ethyl acetate 1:1); Mp 110.3°C (corr.) (Lit.: 88-
90°C); 1H-NMR (300 MHz): δ 2.43 (s, 3H, CH3), 4.04 (dd, 1H, 2J 10.2 Hz, J 6.6 Hz, 
CHHCHCH2OSO2), 4.25-4.51 (m, 4H, CHHCHCH2OSO2), 7.26-7.88 (m, 9H, Harom) 
ppm; [α]D +89.7 (c=1.06, CHCl3); IR (KBr): νmax 1175 (SO2, sulfonate), 1356 (SO2, 
sulfonate), 1648 (C=N, oxazoline) cm-1. 1H-NMR en IR data were in agreement with the 
literature.37,38
(4S)-4-Azidomethyl-2-phenyl-4,5-dihydro-1,3-oxazole (17) 
A solution of tosylated oxazoline 16  (175 mg, 0.53 mmol) and sodium azide (70 mg, 
1.06 mmol) in N,N-dimethylformamide (15 ml) was stirred for 24h at 120°C. The 
reaction mixture was allowed to cool to room temperature and then water was added. 
The mixture was extracted several times with diethyl ether until no trace of product was 
detected (by TLC) in the aqueous layer. Concentration of the ether layer afforded a 
yellow oil (96 mg, 90%) that was pure according to GC analysis. Rf 0.50 (heptane/ethyl 
acetate 1:1); 1H-NMR (100 MHz): δ 3.51 (m, 2H, CH2N3), 4.26-4.59 (m, 3H, OCH2CH), 
7.40-8.01 (m, 5H, Harom) ppm; [α]D +108 (c=1.00, EtOH); IR (KBr): νmax 1647 (C=N, 
oxazoline), 2102 (N3) cm
-1. 
N-((Dimethylamino)-[(4S)-2-phenyl-4,5-dihydro-1,3-oxazol-4-yl]-methoxymethyl)-4-
methyl-1-benzenesulfonamide (20) 
Tosylamine (171 mg, 1 mmol) was added to a cooled (0°C) suspension of sodium 
hydride (40 mg of a 60% suspension in mineral oil, 1 mmol) in dry tetrahydrofuran (5 
ml). After stirring for 5 min, dry N,N-dimethylformamide (2 ml, co-solvent) and tosylated 
oxazoline 16 (215 mg, 0.65 mmol) (dissolved in 2 ml tetrahydrofuran) were added. After 
30 min at 0°C, the reaction was stirred under reflux conditions for 3h. After cooling to 
ambient temperature, the reaction mixture was extracted with water and ethyl acetate. 
The combined organic layers were dried (MgSO4) and concentrated in vacuo to give a 
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single product 20 (187 mg, 87%). Rf 0.74 (ethyl acetate); 
1H-NMR (300 MHz, DMSO-
d6): δ 2.29 (s, 3H, N(CH3)(CH3)), 2.37 (s, 3H, N(CH3)(CH3)), 2.51 (s, 1H, OCHNH), 
3.32 (s, 3H, p-CH3),
58 4.14-4.47 (m, 5H, CH2CHCH2), 7.26-7.79 (m, 9H, Harom) ppm. 
N-(tert-Butyl-oxycarbonyl)-4-methyl-1-benzenesulfonamide (21a) 
Tosylamine (171 mg, 1 mmol), triethylamine (0.15 ml, 1 mmol), and N,N-dimethyl-
aminopyridine (12 mg, 0.1 mmol) were dissolved in dichloromethane (5 ml). To this 
solution a solution of di-tert-butyl dicarbonate (250 mg, 1.15 mmol) in dichloromethane 
(3 ml) was added slowly. After 2h the mixture was poured into diluted 1N HCl and 
extracted with dichloromethane (2×). The crude product 21a was sufficiently pure for 
use in subsequent reactions. Mp 108.5°C (corr.) (Lit.: 108-109°C); 1H-NMR (100 MHz): 
δ 1.38 (s, 9H, C(CH3)3), 2.44 (s, 3H, p-CH3), 7.33 (d, 2H, J 8.2 Hz, Harom), 7.49 (br s, 
1H, NH), 7.90 (d, 2H, J 8.2 Hz, Harom) ppm. 
1H-NMR data were in agreement with the 
literature. 
tert-Butyl carbamate (23) 
Di-tert-butyl dicarbonate (10.91 g, 50 mmol) was dissolved in methanol (100 ml) at 
room temperature. To this solution, an aqueous solution of 3.3M ammonia (16 ml, 52.5 
mmol) was added dropwise. After 20h of stirring, the mixture was concentrated in vacuo, 
the residue was dissolved in diethyl ether and dried with MgSO4. After evaporation of the 
volatiles, a crystalline powder was obtained (5.29 g, 80%). Mp 115-117°C (uncorr.); 1H-
NMR (100 MHz): δ 1.45 (s, 9H, C(CH3)3), 4.55 (br s, 2H, NH2) ppm. The 1H-NMR data 
indicate that the compound was pure enough for further experiments. If desired, the 
compound may be recrystallised from diethyl ether. 
4-Dodecyl-1-benzenesulfonyl chloride (24b) 
To a cooled (0°C) solution of sodium dodecylbenzenesulfonate (1.44 g, 5 mmol) in N,N-
dimethylformamide (5 ml), thionyl chloride (0.73 ml, 10 mmol) was added dropwise. 
The reaction mixture was stirred for 30 min and then all solvents were evaporated. 
Subsequent quick extraction with water and ethyl acetate (2×) and drying of the 
combined organic layers yielded crude product. After quick column chromatography 
(silica gel, heptane/ethyl acetate 3:1), pure sulfonyl chloride 24b was obtained. Rf 0.73 
(heptane/ethyl acetate 3:1); 1H-NMR (100 MHz): δ 0.77-1.78 (m, 23H, CH2(CH2)10CH3), 
2.69 (m, 2H, CH2(CH2)10CH3), 7.37 (d, 2H, J 8.5 Hz, Harom),  7.95 (d, 2H, J 8.5 Hz, 
Harom) ppm. 
N-(tert-Butyl-oxycarbonyl)-4-dodecyl-1-benzenesulfonamide (21b) 
Dodecylbenzenesulfonyl chloride 24b (517 mg, 1.5 mmol) was converted into the 
corresponding N-sulfonyl-carbamate as described for 21a. The work-up procedure was 
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slightly modified: The solvent was evaporated, followed by quick extraction with aqueous 
HCl/ethyl acetate. Pure oily product 21b (426 mg, 67%) was obtained after column 
chromatography (silica gel, heptane/ethyl acetate 3:1). Rf 0.33 (heptane/ethyl acetate 
3:1); 1H-NMR (300 MHz): δ 0.75-1.80 (m, 23H, CH2(CH2)10CH3), 1.35 (s, 9H, C(CH3)3), 
2.54 (m, 2H, CH2(CH2)10CH3), 7.29 (d, 2H, Harom), 7.54 (br s, 1H, NH), 7.96 (d, 2H, 
Harom) ppm; 
13C-NMR (75 MHz): δ 14.1 (CH3), 21.9 (CH2), 22.6 (CH2), 27.7 (CH2), 27.8 
(CH3), 29.2 (CH2), 29.4 (CH2), 36.3 (CH2), 36.4 (CH2), 38.1 (CH2), 40.1 (CH2), 46.2 
(CH2), 48.0 (CH2), 84.0 (C), 127.5 (CHarom), 128.2 (CHarom), 136.1 (Carom), 149.1 (Carom), 
161.0 (C) ppm; IR (neat): νmax 1153 (SO2, sulfonamide), 1236 (C-N, carbamate), 1349 
(SO2, sulfonamide), 1714 (C=O, carbamate), 3261 (NH) cm
-1. 
N-(tert-Butyl-oxycarbonyl)-2,4,6-triisopropyl-1-benzenesulfonamide (21c) 
2,4,6-Triisopropylbenzenesulfonyl chloride (454 mg, 1.5 mmol) was coupled to the 
corresponding N-sulfonyl-carbamate as described for 21a. The crude solid product (537 
mg, 93%) was used as such in subsequent reactions. Rf 0.59 (heptane/ethyl acetate 1:1); 
An analytically pure sample was obtained after recrystallisation from heptane/ethyl 
acetate. Mp 139.1°C (corr.) (Lit.59: 139-141°C); 1H-NMR (300 MHz): δ 1.25 (d, 6H, 
CH(CH3)2, para), 1.27 (d, 2×6H, CH(CH3))2, ortho), 2.92 (sept, 1H, CH(CH3)2, para), 4.15 
(sept, 2×1H, CH(CH3)2, ortho), 7.18 (s, 2H, Harom), 8.00 (br s, 1H, NH) ppm. 1H-NMR data 
were in agreement with the literature. 
N-(tert-Butyl-oxycarbonyl)-2,4-dinitro-1-benzenesulfonamide (21d) 
2,4-Dinitrobenzenesulfonyl chloride (400 mg, 1.5 mmol) was converted into the 
corresponding N-sulfonyl-carbamate as described for 21a. Pure product (273 mg, 
52%)60 was obtained as a slightly yellow solid material after column chromatography 
(silica gel, ethyl acetate). The product 21d was used in subsequent reactions without 
further analysis. Rf 0.42 (ethyl acetate); Mp 128-130°C (decomp.); 1H-NMR (300 MHz): δ 
1.43 (s, 9H, C(CH3)3), 8.57-8.63 (m, 3H, Harom) ppm. 
3,5-Dichloro-2-hydroxy-1-benzenesulfonamide (25) 
To a cooled solution of 3,5-dichloro-2-hydroxybenzenesulfonyl chloride (2.0 g, 7.65 
mmol) in diethyl ether/tetrahydrofuran (23 ml, v/v 20:3), ammonia (5.0 ml of a 25% 
aqueous solution) was added. The mixture was stirred for 1.5h at 0°C. Water and 
chloroform (25 ml, v/v 1:1) were added to the mixture and the aqueous phase was 
acidified to pH=3. A white precipitation was formed, which was isolated by filtration. 
The collected material was washed thoroughly with methanol (2×) and diethyl ether (2×), 
respectively, to give the crude product 25 as a white powder after drying in vacuo (448 
mg, 24%). Mp 232-233°C (uncorr.); 1H-NMR (100 MHz, DMSO-d6): δ 7.54 (d, 1H, J 
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2.6 Hz, Harom), 7.70 (br s, NH/OH) 7.74 (d, 1H, J 2.6 Hz, Harom), ppm; IR (KBr): νmax 
1155 (SO2, sulfonamide), 1329 (SO2, sulfonamide), 3257, 3356 (OH, NH) cm
-1. 
N-(tert-Butyl-oxycarbonyl)-3,5-dichloro-2-hydroxy-1-benzenesulfonamide (21e) 
To a suspension of sulfonamide 25 (242 mg, 1.00 mmol) in dichloromethane (5 ml), 
triethylamine (0.65 ml, 4.7 mmol) and N,N-dimethylaminopyridine (12 mg, 0.1 mmol) 
were added. Next, a solution of di-tert-butyl dicarbonate (250 mg, 1.15 mmol) in 
dichloromethane was added dropwise. The clear yellow solution was stirred for 2h, after 
which the reaction mixture was quenched with 1N aqueous HCl. Extraction with 
dichloromethane (3×), drying of the combined organic layers (MgSO4), and evaporation 
in vacuo afforded the crude product as a mixture of oil and solid compound. Pure 
compound 21e (112 mg, 33%) was obtained as an oily material after chromatography 
(silica gel, ethyl acetate). Rf 0.28 (ethyl acetate); 
1H-NMR (100 MHz): δ 1.53 (s, 9H, 
C(CH3)3), 3.65 (br s, 1H, NH), 7.50 (d, 1H, 
4J 2.6 Hz, Harom), 7.68 (d, 1H, 
4J 2.6 Hz, 
Harom) ppm. 
N-(tert-Butyl-oxycarbonyl)-5-(dimethylamino)-1-naphthalenesulfonamide (21f) 
Dansyl chloride (674 mg, 2.5 mmol) was coupled to give the corresponding N-sulfonyl-
carbamate as described for 21a with exclusion of light. Column chromatography 
(heptane/ethyl acetate 4:1) afforded pure compound 21f as a nice slightly green-
coloured powder (715 mg, 82%). Rf 0.50 (heptane/ethyl acetate 1:1); Mp 90-92°C 
(uncorr.); 1H-NMR (300 MHz): δ 1.26 (s, 9H, C(CH3)3), 2.90 (s, 6H, N(CH3)2), 7.20 (d, 
1H, J 7.5 Hz, Harom), 7.58 (m, 2H, Harom), 8.21 (d, 1H, J 8.7 Hz, Harom), 8.43 (d, 1H, J 7.3 
Hz, Harom), 8.61 (d, 1H, J 8.5 Hz, Harom), ppm; 
13C-NMR (75 MHz): δ 27.7 (CH3), 45.4 
(CH3), 84.0 (C), 115.2 (CHarom), 118.3 (CHarom), 123.0 (CHarom), 128.7 (CHarom), 129.5 
(Carom), 129.7 (Carom), 131.6 (CHarom), 132.0 (CHarom), 133.3 (Carom), 149.1 (Carom), 152 (C) 
ppm; IR (KBr): νmax 1157 (SO2, sulfonamide), 1361 (SO2, sulfonamide), 1727 (C=O, 
carbamate), 3000 (NH, carbamate) cm-1. 
N-(tert-Butyl-oxycarbonate)-N-[(4S)-2-phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl-4-
methyl-1-benzenesulfonamide (22a) 
To a solution of tosylated oxazoline 16 (122 mg, 0.37 mmol) in dry N,N-
dimethylformamide (3 ml), N-sulfonyl-carbamate 21a (100 mg, 0.37 mmol) and 
powdered potassium carbonate (101 mg, 0.74 mmol) were successively added. After 
stirring for 30 min at 60°C, TLC analysis revealed that only starting material was present. 
Even after prolonged stirring (24h at 60°C), no product formation was observed. An 
alternative procedure (fide infra) was chosen to obtain 22a 
To a solution of N-sulfonyl-carbamate 21a (88 mg, 0.322 mmol) in dry tetrahydrofuran 
(3 ml), triphenylphosphine (168 mg, 0.645 mmol), oxazoline 14b (38 mg, 0.53 mmol), 
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and diethyl azodicarboxylate (83 µl, 0.53 mmol) were successively added. After stirring 
for 3h, all starting material was converted (TLC analysis) and then all solvents were 
removed. Column chromatography (silica gel, heptane/ethyl acetate 2:1, heptane/ethyl 
acetate 1:1, ethyl acetate) afforded compound 22a as a 1:1 mixture with N-sulfonyl-
carbamate 21a. From the 1H-NMR it was estimated that the yield of product was 
approximately 80-90%. This mixture was used in the subsequent Boc-deprotection step 
without further purification. Rf 0.71 (ethyl acetate); 
1H-NMR (300 MHz): δ 1.34 (s, 9H, 
C(CH3)3), 2.45 (2, 3H, p-CH3), 3.93 (dd, 1H, 
2J 14.3 Hz, J 7.4 Hz, OCH2CHCHHN), 
4.15 (t, 1H, 2J 14.3 Hz, J 14.3 Hz, OCH2CHCHHN),  4.46 (m, 2H, OCH2CHCH2N), 
4.74 (m, 1H, OCH2CHCH2N), 7.29-7.98 (m, 4+5H, Harom) ppm; 
13C-NMR (75 MHz): δ 
21.6 (CH3), 27.8 (CH3), 50.1 (CH2), 66.2 (CH2), 70.1 (CH), 84.7 (C), 128.1 (CHarom), 
128.3 (CHarom), 128.4 (CHarom), 129.2 (CHarom), 131.5 (CHarom), 137.2 (Carom), 144.2 
(Carom), 151.1 (CHarom), 161.4 (C), 164,9 (C) ppm; [α]D +81.1 (c=1.04, CHCl3); IR 
(CCl4): νmax 1361 (SO2, sulfonamide), 1648 (C=N, oxazoline), 1737 (C=O, carbamate) 
cm-1. 
N-(tert-Butyl-oxycarbonyl)-N-[(4S)-2-phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl-4-
dodecyl-1-benzenesulfonamide (22b) 
In this Mitsunobu procedure, similar to that described for the synthesis of 22a, oxazoline 
14b (83 mg, 0.47 mmol) was coupled with N-sulfonyl-carbamate 21b. Purification (2×) 
by column chromatography (silica gel, heptane/ethyl acetate 6:1 (1st) and heptane/ethyl 
acetate 2:1 (2nd)) yielded product 22b as a colourless oil (248 mg, 90%). Rf 0.37 
(heptane/ethyl acetate 4:1); 1H-NMR (300 MHz): δ 0.75-1.76 (m, 23H, CH2(CH2)10CH3), 
1.29 (s, 9H, C(CH3)3), 2.64 (m, 2H, CH2(CH2)10CH3), 3.95 (m, 1H, OCH2CHCHHN), 
4.20 (m, 1H, OCH2CHCHHN),  4.43 (dd, 1H, J 7.4 Hz, J 8.4 Hz, OCHHCHCH2N), 
4.52 (dd, 1H, J 8.9 Hz, OCHHCHCH2N), 4.74 (m, H, OCH2CHCH2N), 7.29-7.98 (m, 
4+5H, Harom) ppm; 
13C-NMR (75 MHz): δ 14.1 (CH3), 20.6 (CH2), 22.6 (CH2), 27.1 
(CH2), 27.7 (CH3), 29.3 (CH2), 29.5 (CH2), 36.5 (CH2), 39.0 (CH2), 40.1 (CH2), 46.2 
(CH2), 48.0 (CH2), 50.0 (CH2), 66.2 (CH2), 70.8 (CH), 84.6 (C), 127.3 (Carom), 127.5 
(Carom), 128.0 (CHarom), 128.1 (CHarom), 128.2 (CHarom), 128.4 (CHarom), 131.5 (CHarom), 
137.5 (Carom), 150.8 (C), 154.2 (C) ppm; [α]D +65.5 (c=0.96, CHCl3); IR (KBr): νmax 
1160 (SO2, sulfonamide), 1361 (SO2, sulfonamide), 1648 (C=N, oxazoline), 1733 
(C=O, carbamate) cm-1. 
N-(tert-Butyl-oxycarbonyl)-N-[(4S)-2-phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl-2,4,6-
triisopropyl-1-benzenesulfonamide (22c) 
In a similar procedure as used for 22a, N-sulfonyl-carbamate 21c (370 mg, 0.966 
mmol) was coupled with oxazoline 14b under Mitsunobu conditions. It was not possible 
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to obtain the product 22c absolutely pure by column chromatography (heptane/ethyl 
acetate 6:1). Therefore the compound was used as such in subsequent reactions. Rf 0.64 
(heptane/ethyl acetate 1:1); 1H-NMR (300 MHz): δ 1.21 (m, 3×6H+9H, CH(CH3)2 + 
C(CH3)3), 2.92 (septet, 1H, CH(CH3)2, para), 3.87 (septet, 2×1H, CH(CH3)2, ortho), 3.94-4.19 
(m, 2H, OCH2CHCH2N), 4.57 (m, 2H, OCH2CHCH2N), 4.76 (m, 1H, OCH2CHCH2N),  
7.12-8.00 (m, 2H+5H, Harom) ppm; 
13C-NMR (75 MHz): δ 24.6 (CH3), 27.8 (CH3), 29.3 
(CH3), 29.7 (CH), 34.2 (CH), 48.7 (CH2), 65.9 (CH2), 71.2 (CH), 84. 1(C), 123.5 
(CHarom), 123.7 (CHarom), 127.5 (Carom), 128.3 (CHarom), 131.5 (CHarom), 150.2 (Carom), 
150.9 (Carom), 153.3 (C), 153.6 (C), 165.1 (Carom) ppm; IR (CCl4): νmax 1369 (SO2, 
sulfonamide), 1647 (C=N, oxazoline), 1730 (C=O, carbamate) cm-1. 
N-(tert-Butyl-oxycarbonyl)-N-[(4S)-2-phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl-2,4-
dinitro-1-benzenesulfonamide (22d) 
In a similar procedure as used for 22a, N-sulfonyl-carbamate 21d (335 mg, 0.966 
mmol) was coupled with 14b under Mitsunobu conditions. Purification by column 
chromatography (silica gel, heptane/ethyl acetate 1:1) afforded pure compound 22d (69 
mg, 21%) as a solid material. The compound was used as such in a subsequent reaction. 
Rf 0.43 (heptane/ethyl acetate 1:1); Mp 56-59°C (uncorr.); 1H-NMR (100 MHz): δ 1.40 
(s, 9H, C(CH3)3), 3.97-4.85 (m, 5H, OCH2CHCH2N), 7.46-8.83 (m, 3H+5H, Harom) 
ppm; IR (KBr): νmax 1140 (SO2, sulfonamide), 1383 (SO2, sulfonamide), 1556 (NO2), 
1744 (C=O, carbamate) cm-1. 
Attempted preparation of N-(tert-butyl-oxycarbonyl)-N-[(4S)-2-phenyl-4,5-dihydro-1,3-
oxazol-4-yl]methyl-3,5-dichloro-2-hydroxy-1-benzenesulfonamide (22e) 
Oxazoline 16 (83 mg, 0.25 mmol), N-sulfonyl-carbamate 21 (85 mg, 0.25 mmol), and 
potassium carbonate (69 mg, 0.50 mmol) were dissolved in N,N-dimethylformamide (2 
ml). The reaction mixture was stirred for 24h at 80°C. Extraction with ethyl 
acetate/water, drying (MgSO4) and evaporation of the volatiles in vacuo yielded the 
crude product as a mixture of many products (according to thin layer chromatography.) 
This procedure was not successful. 
N-(tert-Butyl-oxycarbonyl)-N-[(4S)-2-phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl-5-
(dimethylamino)-1-naphthalenesulfonamide (22f) 
Mitsonubu conditions, as used for the synthesis of 22a, were applied to N-sulfonyl-
carbamate 21f (338 mg, 0.966 mmol) and 14b (114 mg, 0.645 mmol). The crude 
product 22f was used as such in subsequent reactions. 1H-NMR (100 MHz): δ 1.13 (s, 
9H, C(CH3)3), 2.88 (s, 6H, N(CH3)2), 4.06-4.85 (m, 5H, OCH2CHCH2O), 7.13-8.62 (m, 
5H+6H, Harom) ppm. 
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N-[(4S)-2-Phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl-4-methyl-1-benzenesulfonamide 
(10a) 
To a stirred solution of 17 (170 mg, 0.84 mmol) in tetrahydrofuran (5 ml), 
triphenylphosphine (265 mg, 1.01 mmol) and water (23 µl) were added and the resulting 
solution was stirred for 24h at ambient temperature. Then tosyl chloride (216 mg, 1.12 
mmol) and triethylamine (156 µl, 1.12 mmol) were added. The reaction mixture was 
stirred for another 24h and was monitored by TLC (ethyl acetate/methanol 10:1). The 
reaction mixture was poured into water (5 ml) and extracted with ethyl acetate (3×). The 
collected extracts were dried (MgSO4) and concentrated in vacuo. Column 
chromatography (heptane/ethyl acetate 2:1, heptane/ethyl acetate 1:1) afforded a 
colourless oil (78 mg, 28%) that changed to a white sticky foam after treatment with a 
small amount of acetone and quick evaporation of the volatiles. 
Alternatively, a solution of 22a (40 mg, 0.09 mmol) in dimethyl sulfoxide (3 ml) was 
stirred for 30 min at 175-185°C and then allowed to cool to ambient temperature. After 
addition of a small amount of water and ethyl acetate, the mixture was extracted with 
small amounts of ethyl acetate (5 ml, 5×). The combined organic layers were washed 
with aqueous NaCl (1×), dried (MgSO4), and concentrated in vacuo. Purification of the 
product (silica gel, heptane/ethyl acetate 2:1, heptane/ethyl acetate 1:1) afforded pure 
product 10a (14 mg, 45%) as a white crunchy foam. Rf 0.65 (heptane/ethyl acetate 1:1); 
Mp 87-89°C (uncorr.); 1H-NMR (300 MHz): δ 2.42 (s, 3H, CH3), 3.07 (m, 1H, J 5.2 Hz, 
J 7.1 Hz, J 12.3 Hz, OCH2CHCHHN), 3.26 (m, 1H, J 3.9 Hz, J 6.1 Hz, J 12.6 Hz, 
OCH2CHCHHN), 4.27 (m, 1H, OCHHCHCH2N), 4.35-4.50 (m, 2H, OCHHCHCH2N), 
5.11 (br t, 1H, NH), 7.27-7.87 (m, 4H+5H, Harom) ppm; 
13C-NMR (75 MHz): δ 21.4 
(CH3), 46.0 (CH2), 65.6 (CH2), 69.6 (CH), 126.8 (Carom), 126.9 (CHarom), 128.2 (CHarom), 
128.3 (CHarom), 129.6 (CHarom), 131.6 (CHarom), 137.6 (Carom), 143.7 (C), 165.6 (C) ppm; 
[α]D +102.2 (c=1.02, CHCl3); MS (GC-EI): m/z (%) = 331 (7) [M+H]+, 184 (2) [M-
C9H8NO]
+, 147 (63) [M+H-C9H8NO2S]
+, 91 (100), 77 (24); HRMS (CI+, m/z): 
Calculated for C17H18N2O3S: 330.10364. Found: 330.1038; IR (KBr): νmax 1164 (SO2, 
sulfonamide), 1359 (SO2, sulfonamide), 1645 (C=N, oxazoline) cm
-1. 
N-[(4S)-2-Phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl-4-dodecyl-1-benzenesulfonamide 
(10b) 
A solution of 22b (236 mg, 0.40 mmol) in dimethyl sulfoxide (15 ml) was stirred for 30 
min at 175-185°C and then allowed to cool to ambient temperature. After addition of a 
small amount of water and ethyl acetate, the mixture was extracted with small amounts 
of ethyl acetate (10 ml, 5×). The combined organic layers were washed with aqueous 
NaCl (1×), dried (MgSO4), and concentrated in vacuo. Crude product 10b was purified 
by column chromatography (silica gel, heptane/ethyl acetate 2:1) to give pure oily 
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product 10b (105 mg, 54%). Rf 0.59 (heptane/ethyl acetate 1:1); 
1H-NMR (300 MHz): δ 
0.74-1.75 (m, 23H, CH2(CH2)10CH3), 2.41-2.79 (m, 2H, CH2(CH2)10CH3), 3.07-3.22 (m, 
2H, OCH2CHCH2N), 4.29-4.49 (m, 3H, OCH2CHCH2N), 5.58 (br s, 1H, NH), 7.23-7.88 
(m, 4H+5H, Harom) ppm; 
13C-NMR (75 MHz): δ 14.1 (CH3), 22.6 (CH2), 27.1 (CH2), 
27.4 (CH2), 29.1 (CH2), 29.2 (CH2), 31.6 (CH2), 31.8 (CH2), 36.6 (CH2), 36.7 (CH2), 
38.1 (CH2), 46.0 (CH2), 47.8 (CH2), 65.6 (CH2), 69.8 (CH), 126.8 (CHarom), 127.6 
(CHarom), 127.8 (CHarom), 128.4 (CHarom),  131.7 (CHarom), 137.1 (Carom), 152.0 (Carom), 
153.4 (Carom), 165.9 (C) ppm; [α]D +42.0 (c=1.12, CHCl3); IR (KBr): νmax 1165 (SO2, 
sulfonamide), 1345 (SO2, sulfonamide) cm
-1. 
N-[(4S)-2-Phenyl-4,5-dihydro-1,3-oxazol-4-yl]methyl-2,4,6-triisopropyl-1-benzene-
sulfonamide (10c) 
A solution of 22c (363 mg, 0.67 mmol) in dimethyl sulfoxide (15 ml) was stirred for 30 
min at 175-185°C and then allowed to cool to ambient temperature. After addition of a 
small amount of water and ethyl acetate, the mixture was extracted with small amounts 
of ethyl acetate (10 ml, 5×). The combined organic layers were washed with aqueous 
NaCl (1×), dried (MgSO4), and concentrated in vacuo. Purified, but still slightly 
contaminated , product 10c was obtained after column chromatography (2×) (silica gel, 
heptane/ethyl acetate 1:1 (1st), heptane/ethyl acetate 2:1 (2nd)) derivative 
(10c/contaminant ≈ 1:0.1). Rf 0.27 (heptane/ethyl acetate 2:1); 1H-NMR (300 MHz): δ 
1.27 (m, 6H+2×6H, CH(CH3)2), 2.89 (septet, 1H, J 6.9 Hz, CH(CH3)2, para), 3.05-3.34 
(m, 2H, OCH2CHCH2N), 4.06-4.28 (m, 1H+2H, OCHHCHCH2N + CH(CH3)2, ortho), 
4.44-4.50 (m, 2H, OCHHCHCH2N), 5.06 (br t, 1H, J 6.4 Hz, NH), 7.13-7.88 (m, 
2H+5H, Harom) ppm; 
13C-NMR (75 MHz): δ 23.5 (CH3), 24.6 (CH3), 29.6 (CH), 34.0 
(CH), 46.0 (CH2), 65.5 (CH2), 69.9 (CH), 123.5 (CHarom), 123.8 (CHarom), 128.3 
(CHarom), 131.7 (CHarom), 149.0 (Carom), 150.1 (Carom), 152.5 (Carom), 152.7 (Carom), 165.5 
(C) ppm. 
Reactions A-D in Scheme 2.9 
Reaction A: The catalyst was prepared by treating the ligand 10a (10 mol%) with 4 
equivalents of borane dimethyl sulfide complex in toluene at 50°C for 1h. After cooling 
to room temperature, borane dimethyl sulfide complex (0.5 mmol) was added to the 
catalyst, followed by propiophenone (0.5 mmol) over a period of 2h. No product 
formation was observed (GLC analysis). 
 
Reaction B: The catalyst was prepared by treating the ligand 10a (6 mol%) with 
titanium(IV) isopropoxide (2.5 mmol) in toluene at 50°C for 30 min. After cooling to 
-60°C, diethylzinc (4 mmol)) was added to the catalyst followed by dropwise addition of 
Chapter 2 
benzaldehyde (2.0 mmol) over a period of 2h. The reaction was stirred overnight at 
-20°C. No product formation was observed (GLC analysis). 
 
Reaction C: Ligand 10a (10 mol%) was dissolved in dry toluene and benzaldehyde (0.5 
mmol) was added. After cooling with ice (0°C) diethylzinc (1.0 mmol) was added and the 
reaction mixture was then stirred overnight at room temperature. About 10% of product 
was formed (GLC analysis), which was found to be racemic (chiral GLC analysis). 
 
Reaction D: The catalyst was prepared by treating the ligand 10a (2 mol%) with 1 
equivalent of copper(I) triflate benzene complex (Cu(I)OTf·½C6H6) in dichloromethane at 
room temperature. Styrene (5 mmol) was added, followed by slow addition of ethyl 
diazoacetate (1 mmol). Two products were formed in about equal amounts with an 
enantiomeric excess of 10% and 7% (chiral GLC analysis).  
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BIS-OXAZOLINES: SYNTHESIS 
AND APPLICATION IN METAL 
CATALYSED ASYMMETRIC 
TRANSFORMATIONS 
 
3.1 INTRODUCTION 
The development of methods for the synthesis of products in enantiomerically pure form 
is currently one of the most challenging endeavours in organic chemistry. Several 
methods are in use, such as the classical resolution of racemates via diastereomers,1 
kinetic resolution,2 transformation or derivatisation of readily available natural chiral 
compounds (chiral pool),3 and asymmetric synthesis.4 The use of enantioselective 
catalysts in asymmetric synthesis is of particular importance when an efficient chirality 
transfer with high turnover number can be achieved.5 Several types of chiral catalysts and 
chiral ligands for asymmetric synthesis have been developed in recent years. Among 
them are the bis-oxazolines, a group of highly versatile ligands for metal catalysed 
asymmetric transformations.6, ,7 8 Some illustrative examples of bis-oxazoline (box) ligands 
are shown in Figure 3.1.9,10 Most of these bis-oxazolines are C2-symmetric compounds. 
The versatility and usefulness of bis-oxazolines as chiral ligands is further demonstrated 
by the fact that currently some fifteen bis-oxazolines are commercially available.11
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The bis-oxazoline ligands are generally applied to coordinate metals via the nitrogen 
atoms in a bidentate fashion, giving chelate rings of five to nine atoms. For example, 
oxalic acid derived bis-oxazoline 1 gives five-membered chelate rings, such as in 
octahedral metal spheres 7 and 8 (Figure 3.2).12 Exceptional are bis-oxazolines that 
possess an unsymmetrically substituted spacer in between the two oxazoline rings. 
Illustrative examples are the polymer supported bis-oxazoline 9 described by Orlandi et 
al.13 and the bis-oxazoline-dihydroquinidine adduct 10 that was reported by Annunziata 
et al. (Figure 3.2).14
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Figure 3.2 
 
In most cases the bis-oxazolines are prepared from readily available amino alcohols, 
which are obtainable by reduction of α-amino acids. These amino alcohols are reacted 
with, e.g., bis-acid (dichloride), to give a bis-amide. Many methods are available to 
obtain mono-oxazolines from amino alcohols using a variety of reagents, such as Burgess 
reagent (Et3N
+SO2N¯CO2Me),
15,16 Vilsmeier reagent (ClCH=NMe2Cl),
17 DAST reagent 
(Et2NSF3),
18 triphenylphosphine/triethylamine/tetrachloromethane in the Appel reaction 
(via the activated triphenylphosphonium ester into the corresponding intermediate 
amide),19,20 triphenylphosphine/diethyl azodicarboxylate (DEAD) in the Mitsunobu 
reaction,21 and thionyl chloride.22 In these methods, the alcohol unit is activated, and 
ring-closure is achieved upon subsequent treatment with base. A recent method to obtain 
bis-oxazolines from amino alcohols is described by Aggarwal et al., wherein an amino 
alcohol is treated with a bis-nitrile in the presence of cadmium acetate hydrate 
(Cd(OAc)2·H2O).
23 An alternative synthetic approach for the preparation of bis-oxazolines 
from amino alcohols makes use of a special type of amine, namely aziridines. This 
method has received recent attention in the Nijmegen research group during the 
synthesis of mono-oxazolines.24 Also Cardillo and co-workers,25,26 as well as some 
others27,28 reported on the use of aziridines in the preparation of mono-oxazolines. 
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In the Nijmegen research group Thijs29 developed a convenient method for the 
preparation of bis-oxazolines from substituted aziridines by employing the Heine method 
for the ring expansion of the three-membered ring.30, , ,31 32 33 In this method N-acyl-
aziridines are subjected to a reaction with sodium iodide in acetonitrile. Cardillo and co-
workers25,26 converted appropriately substituted aziridines into oxazolines by treatment 
with Lewis acids, such as MgBr2·Et2O and BF3·Et2O, to give mixtures of oxazolines. Thijs 
demonstrated that 3-aryl groups are very important, since they favour attack of the 
iodide at the C3 position, leading to the desired oxazoline ring system. 
In this chapter the Heine ring expansion method will also be used for the preparation of 
some bis-oxazolines. Starting from oxirane-2-carboxylate esters 11 and 12, the 
corresponding bis-oxazolines 16a, ent-16a, 16b, and 16c will be prepared as outlined 
in Scheme 3.1.  
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(i) (1) Ring opening using sodium azide, (2) Triphenylphosphine-mediated ring closure; (ii) Coupling with bis-acid 
dichloride; (iii) Ring expansion by the Heine reaction using sodium iodide in acetonitrile. 
 
Scheme 3.1  
 
The p-methoxyphenyl-substituted epoxy ester 11 is commercially available as MEFAT34 
in enantiomerically pure form. For the phenyl-substituted precursor, the racemic oxirane-
2-carboxylic ester can be resolved using the classical resolution method by making a 
diastereomeric salt with an appropriate chiral base. For the conversion of the epoxy ester 
sodium salt 17 into the aziridine-2-carboxylic esters, a method developed in the 
Chapter 3 
Nijmegen group could be used (vide infra). Coupling of two aziridine units and 
subsequent ring expansion of the bis-aziridine compound then will give the desired bis-
oxazolines 16. 
The thus obtained bis-oxazolines have an ester functionality as second substituent on the 
oxazoline ring. This ester functionality can either itself participate in the coordination of 
the metal or can be used to modify this substituent to a function that might be involved in 
the metal coordination. The bis-oxazolines 16a and ent-16a as well as their congeners 
will be used as chiral ligands in the metal mediated Mukaiyama aldol condensation and a 
metal catalysed hetero Diels-Alder reaction. 
3.2 RESULTS AND DISCUSSION 
3.2.1 Synthesis of bis-oxazolines 
As indicated in Scheme 3.1 (vide supra), the actual starting material for the preparation 
of the bis-oxazoline 16a is racemic methyl trans-3-phenyloxirane-2-carboxylate 12. In 
order to resolve this epoxy ester, the method by Thijs and Feenstra35,36 was followed 
(Scheme 3.2). 
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(i) NaOEt, ethanol, room temperature, 15 min, aqueous work-up; (ii) HCl (aq.), diethyl ether, room 
temperature, 15 min; (iii) (S)-(-)-α-methylbenzylamine, diethyl ether, room temperature, 2h; (iv) NaOH, water, 
room temperature, 15 min; (v) (R)-(+)-α-methylbenzylamine, diethyl ether, room temperature, 15 min. 
  
Scheme 3.2 
 
Commercially available racemic trans ethyl 3-phenyloxirane-2-carboxlate 12 was treated 
with freshly prepared sodium ethoxide to give the sodium salt (±)-17. The corresponding 
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free epoxy acid was then treated with enantiopure (S)-(-)-α-methylbenzylamine. The 
ammonium salt 18 consisting of (-)-amine and (-)-epoxide crystallised from the reaction 
mixture. After collecting this salt 18 by filtration, the filtrate was then treated with 
aqueous hydrochloric acid to give enantiomerically enriched (+)-epoxy acid, which on 
treatment with the antipodal amine, i.e. (R)-(+)-α-methylbenzylamine, produced the 
ammonium salt 19 consisting of (+)-amine and (+)-epoxide. 
Both salts 18 and 19 were treated with aqueous sodium hydroxide to give the epoxy 
sodium salts (-)-17 and (+)-17, respectively, in high enantiopurity. For the conversion of 
these epoxy carboxylates 17 into the corresponding aziridine esters, the procedure 
described by Thijs and Feenstra35,36 was followed with a small but essential modification 
(Scheme 3.3).  
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(i) Route by Thijs and Feenstra; (ii) (MeO)2SO2, N,N-dimethylformamide, room temperature, overnight; (iii) NaN3, 
NH4Cl, methanol, reflux, 4.5h; (iv) PPh3, acetonitrile, room temperature, 1h; (v) acetonitrile, reflux, 4.5h. 
 
Scheme 3.3 
 
In the original procedure the enantiopure sodium salts were subjected to the reaction 
with sodium azide to give the corresponding hydroxy azido carboxylates 20 and 21, 
which were then converted into the hydroxy azido esters 22 and 23. In the modified 
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method the sodium salts (-)-17 and (+)-17 were first converted into the corresponding 
methyl esters (13 and ent-13) by reaction with dimethyl sulfate. These esters were then 
treated with sodium azide in the presence of ammonium chloride as the buffer, followed 
by reaction with triphenylphosphine in acetonitrile, to give the aziridine-2-carboxylic 
methyl esters 14a and ent-14a, respectively. The major isomer that is obtained when the 
epoxy ester is treated with sodium azide results from attack at the C3 position. In the 
schemes, both isomers have been included for the sake of completeness. Regiochemistry 
is not important as both regioisomeric azido alcohols lead to the same aziridine esters. 
No diazomethane was used in this sequence, which is clearly advantageous for safety 
reasons, although proper safety precautions have to be taken for the use of the strong 
alkylating agent dimethyl sulfate as well. 
The intermediate phosphorous-containing heterocycles 24 and 25 (as well as 28 and 
29) were not isolated, but converted into the aziridine ester by heating in acetonitrile 
under reflux conditions. It was found that for this ring contraction reaction the method of 
drying the acetonitrile37 is of crucial importance. When acetonitrile dried with calcium 
hydride was used as the reaction medium, only a modest yield (ca. 20%) of aziridine 
product 14 was obtained. However, when acetonitrile was pre-dried and distilled from 
phosphorus pentoxide prior to use, the yield of the ring contraction reaction was in the 
range of 80%. Although no solid explanation can be given for this effect of the quality of 
the solvent on the reaction of oxazaphospholidine, it may be speculated that traces of 
phosphorous pentoxide/acid in the solvent may promote the ring contraction through 
acid catalysis. However, the addition of a trace of phosphorus pentoxide to acetonitrile 
had no clear effect. No attempts were made to establish the true reason of this solvent 
quality effect. An alternative explanation for the solvent quality effect is that a trace of 
water has a detrimental effect on the ring contraction, e.g. by an unwanted hydrolysis to 
HO-CH(CO2R)-CHPh-N=PPh3, which is incapable of aziridine formation. 
The p-methoxyphenyl substituted aziridine ester 14b was prepared similarly from 
commercially available MEFAT 11.  However, the preparation of the aziridine tert-butyl 
ester 14c was not as simple as it might seem. Several attempts were made, including  
N,N'-dicyclohexylcarbodiimide (DCC) coupling of the free acid with tert-butyl alcohol. 
After some experimentation it was found that conversion of the epoxy acid dichloride 
with potassium tert-butoxide leads to a smooth formation of the tert-butyl ester. The thus 
obtained tert-butyl ester 30 was then converted into the corresponding aziridine ester 
14c (Scheme 3.4). For this, the intermediate azido alcohols 31 and 32 were first reacted 
with methanesulfonyl chloride to give azido mesylates 33 and 34.38 Subsequent 
treatment of these mesylates with triphenylphosphine in the presence of triethylamine as 
scavenger of liberated methanesulfonic acid gave the desired aziridine ester 14c in an 
overall yield of circa 80% starting from tert-butyl ester 30. 
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(i) (1) oxalyl chloride, cat. pyridine, tetrahydrofuran, -20°C → room temperature, 1h / (2) KOtBu, 
tetrahydrofuran, -20°C → room temperature, 1h; (ii) NaN3, NH4Cl, methanol, reflux 4.5h; (iii) 
CH3SO2Cl, triethylamine, 0°C → room temperature, 30 min; (iv) PPh3, triethylamine, room 
temperature, overnight. 
 
Scheme 3.4 
 
The four thus prepared aziridine esters 14a, ent-14a, 14b, and 14c were then coupled 
with commercially available dimethylmalonyl dichloride to give bis-aziridines 15 
(Scheme 3.5). 
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Scheme 3.5 
 
The yields for these coupling reactions ranged from circa 50% to near quantitative, and 
the bis-aziridines 15 were all used as such without further purification. The final step en 
route to the bis-oxazolines 16 is the double ring expansion by the Heine reaction, which 
was performed by treatment with a catalytic amount of sodium iodide in acetonitrile. 
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The Heine reaction proceeds by an initial ring opening of the aziridine by attack of 
iodide. In principle, attack at either carbon atom of the three-membered aziridine ring 
can be envisaged (Scheme 3.6). Attack according to route A will lead to oxazoline with 
the nitrogen adjacent to the ester group, whereas route B will lead to the oxazoline 
product with the oxygen adjacent to the ester. The nucleophilic reaction with iodide at C3 
of the aziridine ester is strongly preferred in this case, as the phenyl ring makes this 
carbon atom benzylic in nature. As a consequence, only oxazoline formation according 
to route A was observed. 
As already mentioned in the introductory section, the Heine reaction proceeds by a 
double inversion, implying a net retention at the carbon atom bearing the phenyl group. 
The ring expansions of bis-aziridine 15a to bis-oxazoline 16a and bis-aziridine ent-15a 
to bis-oxazoline ent-16a were accomplished in yields of 71% and 77%, respectively. For 
bis-oxazoline 16b considerable loss of material had to be accepted during 
chromatographic purification (yield of 16b of 4% only). The ring expansion of bis-
aziridine 15c to bis-oxazoline 16c was realised in 40% yield. 
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Scheme 3.6 
 
The ester unit in the above-prepared bis-oxazolines can be used to modify this 
substituent in order to obtain new ligands with different extra coordination sites. For this 
purpose, bis-oxazoline 16a was treated with phenylmagnesium bromide to give the new 
ligand 35 having two (diphenyl)hydroxymethyl substituents (Scheme 3.7). In this way, 
16a and ent-16a were converted into the bis((diphenyl)hydroxymethyl)-substituted bis-
oxazolines 35 and ent-35, respectively, both in circa 60% yield. It should be noted that 
the starting bis-oxazolines 16 always contain one mole of water of crystallisation per  
mole of bis-oxazoline, which is difficult to remove and therefore may interfere with the 
Grignard reaction. 
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Scheme 3.7 
 
The coupling reaction of methyl 3-phenylaziridine-2-carboxylate was also carried out 
with the bis-acyl chlorides derived from cyclopropane-1,1-dicarboxylic acid, 
cyclopentane-1,1-dicarboxylic acid, and cyclohexane-1,1-dicarboxylic acid. In this 
manner, the bis-oxazolines 16d, 16e, and 16f were prepared following the same 
synthetic procedure as described for bis-oxazoline 16a (Scheme 3.8). 
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Scheme 3.8 
 
The reduction of the ester units in bis-oxazolines 16 was another option for the 
modification of the ligand. Attempts to accomplish this reduction with 
diisobutylaluminium hydride (DIBAH) were not successful. Thin layer chromatography 
analysis indicated the formation of a single product, which, however, could not be 
purified by chromatography on silica gel due to untimely decomposition of the material. 
It should be noted that the reduction of an ester function with diisobutylaluminium 
hydride has been accomplished with mono-oxazolines. The use of diisobutylaluminium 
hydride is preferred over that of lithium borohydride (LiBH4), lithium aluminium hydride 
(LAH), and other hydrides, as these last-mentioned three hydrides give reduced chemical 
yields and may affect the stereochemistry adjacent to the ester function by 
epimerisation.39
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It is also relevant to note that the expected ligand 36 was reported recently by Aggarwal 
et al.  (Scheme 3.9). They prepared ligand 36 by reaction of dimethylmalonyl nitrile with 
amino diol 37 in the presence of cadmium acetate hydrate. Schinnerl et al.40 described 
the use of this ligand 36 in the addition of dialkylzinc reagents to carbonyl compounds. 
Schinnerl et al. prepared ligand 36 following a modified procedure of Aggarwal et al., 
namely using zinc chloride instead of cadmium acetate hydrate. 
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Scheme 3.9 
3.2.2 Catalytic asymmetric transformations 
The bis-oxazoline ligands have been employed in several asymmetric transformations. 
The pioneers in this field are Evans and co-workers and Jørgensen and co-workers. In 
the recent reviews by Ghosh et al.  and Rechavi and Lemaire41 the enormous versatility of 
bis-oxazolines in asymmetric transformations has been summarised. Illustrative examples 
are Friedel-Crafts reactions of aromatic compounds with α-dicarbonyl compounds,42,43 
(Simmons-Smith) cyclopropanations,44, , , ,45 46 47 48 zinc mediated additions,40,49 Michael 
reactions,50,51,52 Mukaiyama aldol reactions,53, , ,54 55 56 (hetero) Diels-Alder 
reactions,56,57, , ,58 59 60 and many more.61, , , ,62 63 64 65 A variety of metals has been employed for 
these ligands, for example, lanthanides, ruthenium,44,66 cobalt,67 rhodium,68 
palladium,69,70 and even silver.71 Despite this variety in metals, copper and zinc are by far 
the most used metals. In most cases the bis-oxazolines form 1:1 complexes with the metal 
salts, although exceptions have been reported. From a practical point of view, it is 
convenient to prepare a stock solution of the ligand-metal complex, from which the 
required "catalytic" amount can then be taken for a reaction to be investigated. In order 
to evaluate the bis-oxazoline ligands described in the preceding section, two asymmetric 
reactions were investigated, namely the Mukaiyama aldol condensation and the hetero 
Diels-Alder reaction. 
3.2.2.1 Mukaiyama aldol condensations  
The bis-oxazoline ligands 16 were employed in the Mukaiyama aldol condensation of  
α-keto ester 38 with ketene acetal 40, which leads to the chiral product 41 (Scheme 
3.10).  
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Scheme 3.10 
 
This condensation has also been investigated by Evans and co-workers53,54 using various 
bis-oxazoline ligands (vide infra). This Mukaiyama reaction may be performed by mixing 
the α-keto ester with the bis-oxazoline metal catalyst, which is assumed to lead to the 
formation of the complex 39. Subsequent reaction with the ketene acetal 40 afforded 
the condensation product, in which process the substituents in the bis-oxazoline/metal 
complex 39 are directing the mode of attack from the preferential face. 
The results with the ligand 16a are collected in Table 3.1. The reactions were varied by 
using various solvents (entries 1-5), various amounts of catalyst (entries 1 and 6-8), and 
various metal salts (entries 1, 9, and 10). The ee's were determined by chiral GLC. The 
chemical yields are typically in the range of 50-95% as estimated from 1H-NMR data and 
GLC analysis. 
 
Table 3.1 Mukaiyama aldol condensation using bis-oxazoline 16a 
 
Entry Solvent M(OTf)2 Mol% ee (%) Product-conf. 
1 CH2Cl2 Cu 10 87 R 
2 THF Cu 10 84 R 
3 Et2O Cu 10 86 R 
4 Toluene Cu 10 90 R 
5 Heptane Cu 10 0 - 
6 CH2Cl2 Cu 0.1 14 R 
7 CH2Cl2 Cu 1 84 R 
8 CH2Cl2 Cu 20 93 R 
9 CH2Cl2 Zn 10 49 R 
10 CH2Cl2 Mg 10 63 R 
 
Reaction conditions: Bis-oxazoline ligand 16a-metal(II) complex (prepared in situ for entries 2-5, 9, and 10/0.01 M 
stock solution in dichloromethane for entries 1, and 6-8), methyl pyruvate, thioacetal 40, -78 → 0°C, overnight. 
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The data in the table reveal that the solvent effect is not very large, except for heptane, 
which apparently precludes any enantioselectivity. The main problem with this solvent is 
the poor solubility of the bis-oxazoline/copper complex. The observed minor trend 
tetrahydrofuran<diethyl ether<dichloromethane<toluene is similar to the solvent survey 
reported in the literature.72 However, all these solvents perform very well and there are 
only small differences in enantioselectivity in this Mukaiyama aldol condensation. The 
solubility properties of the solvent are the main determining factor for its choice. In the 
present case toluene is the best solvent.  
The amount of catalyst should not go below 1 mol% as the use of less catalyst, e.g., 0.1 
mol%, causes a dramatic drop in ee (entry 6). It is relevant to note that the reaction rate 
is also strongly influenced by the amount of the catalyst, thus for 0.1 mol% of catalyst the 
reaction was unacceptably slow. It is evident from the data in Table 3.1 that copper(II) 
triflate (Cu(OTf)2) is by far the best metal salt (entry 1). With zinc triflate (Zn(OTf)2) and 
magnesium triflate (Mg(OTf)2) the enantioselectivities are much lower (entries 9 and 10, 
respectively). The substitution pattern of the bis-oxazoline was expected to play an 
important role. The largest influence is predicted for the ester functionality, which is in 
closest proximity to the metal ion centre when the actual condensation takes place. The 
results for the bis-oxazolines 16a, 16b, and ent-16c having an ester functionality at the 
C4 and C4' position are collected in Table 3.2.  
 
Table 3.2 Mukaiyama aldol condensation using bis-oxazoline 16a, 16b, and ent-16c 
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Entry Catalyst Mol% Yield (%) ee (%) Product-conf. 
1 16a 10 n.d. 87 R 
2 16b 10 n.d. 95 R 
3 ent-16c 10 n.d. 99 S 
4 ent-16c 2 63 97 S 
 
Reaction conditions: Bis-oxazoline ligand-Cu(II) complex (prepared in situ in dichloromethane), methyl pyruvate 38, 
thio acetal 40, -78 → 0°C, overnight. (n.d. = not determined. It is noted that essentially no side products were 
observed in the GLC).  
 
Comparison of the performance of bis-oxazoline ligands 16a and 16b shows a 
considerably higher enantioselectivity of the ligand with the p-methoxy phenyl 
substituent at C5 and C5'. This difference may be due to an electronic rather than a steric 
effect of the p-methoxy group, as the C5-substituent is too remote from the metal centre 
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to cause any steric influence on the enantioselectivity. Evans et al.  used bis-oxazoline 
ligand 42 with a tert-butyl group at C4 and C4' and the pyridine-substituted bis-oxazoline 
ligand (pybox) 43 (Figure 3.3). 
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Figure 3.3 
 
For both ligands high enantioselectivities were obtained for the catalytic aldol additions 
of enolsilanes to pyruvate esters. The results for the bis-oxazolines 16a, 16b, and ent-
16c compare favourably with Evans' ligands. 
The influence of the bite angle Θ in the bis-oxazoline ligands 16a, 16d, 16e, and 16f 
was investigated for this Mukaiyama aldol condensation. The results with the spiro 
ligands 16d, 16e, and 16f derived from methyl 3-phenylaziridine-2-carboxylate 14 are 
collected in Table 3.3. 
 
Table 3.3  Mukaiyama aldol condensation using spiro bis-oxazoline ligands 16d-f and "open" bis-
oxazoline 16a 
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Entry Catalyst Ring 
Φ for box 16 
(°) 
Φ for inda-box 44 
(°) (see Figure 3.4)  
ee 
(%) 
Product 
config. 
1 16d 3-membered 112.51) 110.63) (44a) >99 S 
2 16e 5-membered 109.61) 105.83) (44b) 91 R 
3 16f 6-membered 107.71) 103.73) (44c) 96 R 
4 16a no ring 109.21) / 108.02) 104.73) (44d) 87 R 
 
Reaction conditions: Bis-oxazoline ligand-Cu(II) complex (prepared in situ in dichloromethane), methyl pyruvate 
38, thio acetal 40, -78 → 0°C, overnight. Note: The 4-membered spiro ring compound was not tested in this 
Mukaiyama aldol condensation. 
 
1) Determined from calculated "H+"-complexed structures (using MOPAC PM3 calculations) 
2) Determined from calculated Cu2+-complexed structures (using MOPAC PM3 calculations)  
3) Determined from calculated uncomplexed structures (using OPTIMOL MM2X calculations)  
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The "open" dimethyl ligand 16a was taken as a point of reference. The data reveal that 
all three spiro ligands perform better than the "open" dimethyl ligand 16a. 
Computational methods (MM2X) were used to calculate the values of the bridge angle Φ 
for a series of uncomplexed aminoindanol-derived bis-oxazoline (inda-box) ligands 44a-
d73 (Table 3.3 and Figure 3.4). It was found that if the value of bridge angle Φ decreases 
(increasing size of the spiro-annelated ring) the bite angle Θ also decreases (Figure 3.4). 
The bridge angle Φ for the "open" dimethyl ligand has a value between that of the 
cyclopentyl and cyclohexyl spiro compounds. The enantioselectivities shown in Table 3.3 
seem to decrease with decreasing bridge angle Φ. Comparison of the open dimethyl 
ligand 16a with the cyclopropyl annelated ligand 16d clearly shows that this 
spiro-annelation has a beneficial effect on the enantioselectivity. In ligand 16d the 
C2-symmetry is retained. However, for the larger spiro-annelated rings the 
conformational features of these rings have to be taken into account, which leads to a 
distortion of C2-symmetry of the ligand. The five-membered ring has an envelope shape. 
Consequently, the ligand 16e is no longer C2-symmetrical, implying that the favoured 
complexations with the metal ion of the catalyst from both sides of the ligand (see 
structure 11 in Chapter 1, Scheme 1.3) are not the same anymore and thus will 
constitute to the enantioselectivity in an unequal manner. A similar situation is 
encountered for the six-membered spiro-annelated ring of ligand 16f, which has a 
preferred chair conformation. The ligand 16f is not C2-symmetric and the two 
conceivable favoured complexations with the metal ion contribute in a different manner. 
The overall outcome in terms of enantioselectivity is difficult to deduce because of these 
conformational features of the annelated rings larger than the three-membered 
cyclopropane. It should be realised that the data in Table 3.3 might not be accurate in all 
cases due to the limited number of condensation reactions that have been carried out 
and due to the small scale of these condensation reactions. It is relevant to note that the 
influence of the bite angle on the enantioselectivity has not received much attention in 
the literature. 
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Figure 3.4 
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So far, Davies et al. have investigated a series of spiro ligands of aminoindanol-derived 
bis-oxazoline ligands 44a-d for the hetero Diels-Alder reaction of cyclopentadiene with 
an acrylamide73,74 and the asymmetric addition of methyllithium to imines.75 Recently, 
Thijs reported the investigation of a series of bis-oxazoline spiro ligands in the copper-
catalysed cyclopropanation of styrene with ethyl diazoacetate. For "open" dimethyl 
ligand 16a semi-empirical MOPAC calculations were used to calculate the value of 
bridge angle Φ (108.0°) and the bite angle Θ (86.9°) for the copper(II)-complexed ligand 
((Table 3.3 and Figure 3.4 (vide supra)). 
Finally, the efficiency of ligand ent-35 having a (diphenyl)methylhydroxy substituent at 
the C4 and C4' positions was investigated for the Mukaiyama reaction (Scheme 3.11). 
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(i) Bis-oxazoline ligand-Cu(II) complex 16a or ent-35 (0.01 M stock solution in 
dichloromethane for 16a / prepared in situ in dichloromethane for ent-35), methyl 
pyruvate 38, thioacetal 40, overnight. 
 
Scheme 3.11 
 
At the temperature of -78°C this ligand performed considerably less well than the ligand 
16a having an ester function at C4 and C4' (ee of 70% for the S-product, ee of 87% for 
the R-product). This result clearly suggests that the (diphenyl)methylhydroxy substituent, 
despite being bulky, is less capable of governing the selectivity of the condensation, 
although the precise influence of this substituent on the ligand metal complex is not 
known. These two ligands were also studied at a higher reaction temperature, 0°C for 
ligand 16a and -20°C for ligand ent-35. The former ligand gave a somewhat lower ee 
(80%, R), whereas for ligand ent-35 the ee dropped dramatically (38%, S). This 
observation indicates that the complex with ligand ent-35 is much more sensitive to the 
reaction conditions, which may be connected with a less rigid coordination with the 
metal ion.   
3.2.2.2 Hetero Diels-Alder reactions76,77 
The Diels-Alder reaction of methyl pyruvate with Danishefsky's diene 45 was 
investigated using bis-oxazoline ligands 16a and ent-35 in the copper(II)-catalysed 
version of this cycloaddition (Scheme 3.12) in dichloromethane. Employing 10 mol% of 
bis-oxazoline ligand 16a resulted in an almost complete asymmetric cycloaddition (ee 
>99%, R-configuration of the product). In contrast, the bis-oxazoline ligand ent-35 
Chapter 3 
performed very poorly with an ee of only 27% (S-configuration of the product). 
Apparently, the ligand metal complex of ent-35 is not effective in directing the face 
selectivity in this Diels-Alder reaction. The reason for this poor performance cannot be 
given at this stage. More structure activity studies with various ligands are needed in 
order to draw efficiency conclusions. 
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(i) Bis-oxazoline ligand-Cu(II) complex 16a or ent-35 (prepared in 
situ in dichloromethane), methyl pyruvate 38, Danishefsky's diene 
45, -78 → 0°C, overnight. 
 
Scheme 3.12 
 
The same Diels-Alder reaction has been investigated with bis-oxazoline ligands 47, 48, 
and 49  (Figure 3.5). For ligands 47 and 48 moderate enantioselectivities were obtained 
(ee of 19% and 13%, respectively), whereas for ligand 49 high enantioselectivity was 
observed (ee of >98%). The result of bis-oxazoline 16a compares favourably with this 
tert-butyl substituted ligand 49. 
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Figure 3.5 
3.3 CONCLUDING REMARKS 
The results described in this chapter show that the bis-oxazolines can be conveniently 
prepared from methyl 3-phenylaziridine-2-carboxylic esters by a coupling reaction with a 
bis-acid dichloride and a subsequent Heine ring expansion of the resulting bis-aziridine 
compound. The ester unit at the C4 and C4' positions of this bis-oxazoline ligand could be 
modified to a (diphenyl)methylhydroxy group by a reaction with phenylmagnesium 
bromide. 
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The newly prepared ligands were evaluated in two reactions, namely the Mukaiyama 
aldol condensation of methyl pyruvate with a ketene acetal and the hetero Diels-Alder 
reaction of methyl pyruvate with Danishefsky’s diene. In the Mukaiyama aldol 
condensation high enantioselectivities were observed, which compare favourably with 
those obtained with other bis-oxazoline ligands reported in the literature. The hetero 
Diels-Alder reaction showed almost complete asymmetric induction with the bis-
oxazoline ligand 16a derived from methyl 3-phenylaziridine-2-carboxylic ester 13. 
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3.5 EXPERIMENTAL SECTION 
General remarks 
For general experimental details, see Section 2.4 in Chapter 2. 
 
Chemicals 
All solvents are distilled as described in Section 2.4 of Chapter 2. Methyl pyruvate was 
obtained from Fluka, Danishefsky’s diene 45 (trans-1-methoxy-3-trimethylsiloxy-1,3-
butadiene) was obtained from Aldrich. 
Racemic sodium trans-3-phenyloxirane-2-carboxylate ((±)- 17) 
A solution of freshly prepared sodium ethoxide (using sodium (1.31 g, 57 mmol)) in 
absolute ethanol was added to a trans/cis mixture of ethyl 3-phenyl glycidate (10 ml, 57 
mmol) dissolved in absolute ethanol (20 ml). After 5 min, water (1.03 g, 57 mmol) was 
added, resulting in immediate precipitation of a white solid. Diethyl ether (200 ml) was 
added and the mixture was allowed to stir overnight. Filtration and washing of the 
remaining filter cake with diethyl ether gave the sodium salt (±)-17 (85%). 
Recrystallisation of the crude product from ethanol/water provided colourless flakes of 
(±)-17, containing small traces of water. 1H-NMR (100 MHz, D2O): δ 3.55 (d, 1H, J 2.0 
Hz, CHPh), 3.96 (d, 1H, J 2.0 Hz, CHCO2Na), 7.38 (bs, 5H, Harom) ppm. 
1H-NMR is in 
agreement with the literature.  
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Resolution of racemic sodium trans-3-phenyloxirane-2-carboxylate ((±)-17) in sodium 
(-)-(2R,3S)-3-phenyl-2-oxiranecarboxylate ((-)-17) and sodium (+)-(2S,3R)-3-phenyl-
oxirane-2-carboxylate ((+)-17) 
Starting from racemic trans sodium epoxy carboxylate (±)-17, the procedure as 
described by Thijs et al.  was followed. Diethyl ether (160 ml) and 1N aqueous HCl (160 
ml) were added to a solution of (±)-17 (30.0 g, 161 mmol). After extraction of the 
aqueous layer with diethyl ether (3×), the organic phase was dried (MgSO4). (S)-(-)-α-
methylbenzylamine (20.7 ml, 161 mmol) was added to the ethereal solution and the 
mixture was set aside. An oily product separated from the mixture, which solidified on 
standing after a few hours. The solid material was collected by filtration and washed with 
acetone, to give a white compound (19.7 g, 43%). Recrystallisation (acetone/ethanol) of 
the solid compound afforded pure (-)-ammonium-(-)-epoxide 18. Mp 154.5°C (corr.); 
[α]D: -124.6 (c=1.01, EtOH) (Lit.: Mp. 154-157˚C;  [α]D: -124.7 (c=1.00, EtOH). The 
filtrate was cooled by adding ice to the ethereal solution, followed by controlled 
acidification with concentrated hydrochloric acid. The diethyl ether/water mixture was 
extracted and the combined organic layers were dried (MgSO4). To this ethereal solution, 
(R)-(+)-α-methylbenzylamine (10.4 ml, 80.5 mmol) was added and the suspension was 
set aside. After filtration, the solid material (9.50 g, 21%) was washed with acetone and 
recrystallised (acetone/ethanol). Pure (+)-ammonium-(+)-epoxide 19 was obtained as a 
white solid. Mp 154.3°C (corr.); [α]D: +126.3 (c=0.99, EtOH) (Lit. : Mp. 156-158°C; 
[α]D: +125 (c=1.00, EtOH)). Both ammonium salts 18 and 19 were converted to the 
corresponding optically pure sodium salts, (-)-17 and (+)-17, respectively, by adding 
exactly 1 equivalent of aqueous sodium hydroxide solution to an aqueous solution of the 
respective ammonium salts. The amine was then extracted with diethyl ether and the 
aqueous layer was concentrated and dried in vacuo. The thus obtained sodium salts were 
used in subsequent reactions without further analysis.  
Racemic methyl 3-phenyloxirane-2-carboxylate (rac-13) 
The same procedure was followed as for ent-13 (vide infra), yield (69%). 1H-NMR (100 
MHz): δ 3.52 (d, 1H, J 2.1 Hz, CHPh), 3.83 (s, 3H, OCH3), 4.10 (d, 1H, J 2.1 Hz, 
CHCO2CH3), 7.32 (bs, 5H, Harom) ppm. This is in accordance with the literature. 
Methyl (-)-(2R,3S)-3-phenyloxirane-2-carboxylate (13) 
This product was obtained in the same way as described for ent-13, starting from (-)-17. 
1H-NMR (100 MHz): δ 3.41 (d, 1H, J 1.7 Hz, CHPh), 3.72 (s, 3H, OCH3), 4.00 (d, 1H, J 
1.7 Hz, CHCO2CH3), 7.61 (bs, 5H, Harom) ppm; [α]D -208.5 (c 1.13, MeOH). 
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Methyl (+)-(2S,3R)-3-phenyloxirane-2-carboxylate (ent-13) 
Sodium bicarbonate (2.86 g, 34.1 mmol) and dimethyl sulfate (3.23 ml, 34.1 mmol) 
were added to a suspension of (+)-17 (6.35 g, 34.1 mmol) in N,N-dimethylformamide 
(30 ml). In less than 1h of stirring the reaction mixture became less turbid, stirring was 
continued overnight at room temperature. The suspension was poured into ice water. 
Subsequent heptane extraction (5×) gave pure product in near quantitative yield. 1H-
NMR (100 MHz): δ 3.52 (d, 1H, J 1.7 Hz, CHPh), 3.83 (s, 3H, OCH3), 4.10 (d, 1H, J 1.7 
Hz, CHCO2CH3), 7.24-7.42 (m, 5H, Harom) ppm; [α]D +208.1 (c 1.22, MeOH). R-
configuration was determined by comparison with the rotation data reported in the 
literature.  
Racemic methyl 2-hydroxy-3-azido-3-phenyl-propanoate (rac-23) 
Racemic azido alcohol rac-23 was obtained in excellent yield (97%) following the 
procedure described for the azido alcohol ent-23 (vide infra). The azido alcohol rac-22 
was not observed. 1H-NMR (100 MHz): δ 2.93 (d, 1H, J 6.3 Hz, OH), 3.72 (s, 3H, 
OCH3), 4.54 (dd, 1H, J 3.9 Hz, J 6.3 Hz, CHOH), 4.89 (d, 1H, J 3.9 Hz, CHN3), 7.31 
(bs, 5H, Harom) ppm. 
Methyl (2R,3R)-2-hydroxy-3-azido-3-phenyl-propanoate (23) 
Starting from 13, azido alcohol 23 was obtained as described for azido alcohol ent-23. 
The azido alcohol 22 was not observed and the product was used without further 
purification in subsequent reactions. 1H-NMR (100 MHz): δ 2.93 (bs, 1H, OH), 3.72 (s, 
3H, OCH3), 4.54 (d, 1H, J 4.0 Hz, CHOH), 4.89 (d, 1H, J 4.0 Hz, CHN3), 7.32 (bs, 5H, 
Harom) ppm. 
Methyl (2S,3S)-2-hydroxy-3-azido-3-phenyl-propanoate (ent-23) 
A solution of epoxy ester ent-13 (4.43 g, 24.9 mmol), sodium azide (4.85 g, 74.7 mmol), 
and ammonium chloride (4.00 g, 74.7 mmol) in methanol (50 ml) was heated at reflux 
for 4.5h and then allowed to cool to room temperature. Methanol was removed in vacuo 
and the solid residue was dissolved in water, followed by extraction with ethyl acetate 
(4×). After drying (MgSO4) of the combined organic extracts and concentration in vacuo, 
crude product ent-23 was obtained as a yellow oil (5.3 g, 96%). The azido alcohol ent-
22 was not observed and the product was used without further purification in 
subsequent reactions. 1H-NMR (100 MHz): δ 2.98 (bs, 1H, OH), 3.72 (s, 3H, OCH3), 
4.54 (bs, 1H, CHOH), 4.89 (d, 1H, J 3.9 Hz, CHN3), 7.31 (bs, 5H, Harom) ppm. 
Racemic trans methyl 3-phenylaziridine-2-carboxylate (rac-14a) 
Following the procedure as described for ent-14a (vide infra), racemic trans aziridine 
methyl ester rac-14a was prepared in 76% yield. 1H-NMR as for 14a. 
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Methyl (+)-(2S,3R)-3-phenylaziridine-2-carboxylate (14a) 
Prepared as described for the preparation of ent-14a, yield (57%). 1H-NMR (100 MHz): 
δ 1.90 (m, 1H, NH), 2.58 (dd, 1H, J 2.2 Hz, J 8.0 Hz, CHCO2CH3), 3.27 ((dd, 1H, J 2.2 
Hz, J 9.3 Hz, CHPh), 3.81 (s, 3H, OCH3), 7.30 (bs, 5H, Harom) ppm; [α]D +264.5 
(c=0.97, CHCl3) (Lit. : [α]D +262.3 (c=1.2, CHCl3)). 
Methyl (-)-(2R,3S)-3-phenylaziridine-2-carboxylate (ent-14a) 
Following the procedure as described by Legters, azido alcohol ent-23 (5.30 g, 24 
mmol) was dissolved in dry acetonitrile (80 ml). Triphenylphosphine (6.60 g, 25.2 mmol) 
was added and the mixture was stirred for circa 45 min at room temperature, until the 
release of gas bubbles (N2) stopped. Next, the clear colourless solution was stirred under 
reflux conditions and the progress of the reaction was followed by thin layer 
chromatography (heptane/ethyl acetate 2:1). After 4.5h, the excess of acetonitrile was 
evaporated in vacuo and a mixture of hexane/diethyl ether (1:1, 50 ml) was added to the 
residue. Solid triphenylphosphine oxide was removed by filtration. After concentration of 
the filtrate, the residue was purified by column chromatography (silica gel, heptane/ethyl 
acetate 3:1). Pure ent-14a was obtained in moderate to good yields (20-80%), 
depending on the quality of the acetonitrile.78 Rf 0.26 (heptane/ethyl acetate 3:1); 
1H-NMR as for 14a; [α]D -265.4 (c=1.12, CHCl3). 
Methyl (2R,3R)-2-hydroxy-3-azido-3-(4-methoxyphenyl)-propanoate (27) 
In a procedure as described for azido alcohol ent-23, a solution of MEFAT 11 (10 g, 48 
mmol), sodium azide (9.36 g, 144 mmol), and ammonium chloride (7.70 g, 144 mmol) 
in methanol (50 ml) was stirred under reflux conditions for 4.5h. The crude product was 
purified by column chromatography (silica gel, heptane/ethyl acetate 2:1) to give pure 
azido alcohol 27 (11.4 g, 95%). The azido alcohol 26 was not observed and the product 
was used in subsequent reactions without extensive analysis. Rf 0.24 (heptane/ethyl 
acetate 2:1); 1H-NMR (300 MHz): δ 2.89 (bd, 1H, J 6.3 Hz, OH), 3.73 (s, 3H, OCH3), 
3.81 (s, 3H, OCH3), 4.50 (dd, 1H, J 4.1 Hz, J 6.3 Hz, CHOH), 4.82 (d, 1H, J 4.1 Hz, 
CHN3), 6.90 (d, 2H, J 8.79 Hz, Harom, ortho) 7.27 (d, 2H, J 8.79 Hz, Harom, meta) ppm. 
Methyl (+)-(2S,3R)-3-(4-methoxyphenyl)-aziridine-2-carboxylate (14b) 
Azido alcohol 27 (11.3 g, 45 mmol) and triphenylphosphine (13.6 g, 52.0 mmol) were 
dissolved in acetonitrile (150 ml) and treated as described for ent-14a. Column 
chromatography (silica gel, heptane/ethyl acetate 3:1) afforded pure 14b as a yellow oil 
(3.73 g, 40%). Rf 0.32 (heptane/ethyl acetate 3:1); 
1H-NMR (300 MHz): δ 1.85 (m, 1H, 
NH), 2.53 (dd, 1H, J 2.5 Hz, J 7.7 Hz, CHCO2CH3), 3.22 (dd, 1H, J 2.5 Hz, CHAr), 
3.79 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 6.86 (d, 2H, J 8.79 Hz, Harom, ortho) 7.20 (d, 2H, 
J 8.79 Hz, Harom, meta) ppm; 
13C-NMR (75 MHz): δ 39.2 (CH), 40.2 (CH), 52.7 (CH3), 55.4 
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(CH3), 114.0 (CHarom), 127.3 (CHarom), 129.9 (Carom), 159.4 (Carom), 172.4 (C=O) ppm; IR 
(KBr): ν 1726 (C=O, ester), 3280 (NH, aziridine) cm-1; [α]D +256.0 (c=1.02, CHCl3) 
(Lit.: [α]D +267 (c=1.0, CHCl3)). 
tert-Butyl (-)-(2R,3S)-3-phenyloxirane-2-carboxylate (30) 
A few drops of pyridine were added to a suspension of (-)-17 (3.86 g, 21.4 mmol) in dry 
tetrahydrofuran (200 ml). The suspension was cooled to -20°C and then a solution of 
oxalyl chloride (3.0 ml, 35.5 mmol) in dry tetrahydrofuran was gradually added. The 
reaction mixture was stirred for 1h and meanwhile allowed to warm to room 
temperature. After 1h, the reaction mixture was evaporated to dryness. In order to 
remove remaining traces of oxalyl chloride, hexane (25 ml) was added to the residue and 
the suspension was again evaporated to dryness in vacuo. The crude acid dichloride was 
dissolved in dry tetrahydrofuran (300 ml) and the solution was cooled to -20°C. A 
solution of potassium tert-butoxide (2.85 g, 25.4 mmol) in dry tetrahydrofuran (25 ml) 
was added dropwise and the resulting mixture was stirred for 3h. Some tetrahydrofuran 
was removed in vacuo and the thus obtained reaction mixture was poured into aqueous 
ammonium chloride. Extraction with diethyl ether (3×), drying (MgSO4), and 
concentration in vacuo afforded crude product 30 which was purified by column 
chromatography (heptane/ethyl acetate 99:1, heptane/ethyl acetate 19:1) to give a white 
solid (2.29 g, 49%). 1H-NMR (300 MHz): δ 1.52 (s, 9H, C(CH3)3), 3.40 (d, 1H, J 1.9 Hz, 
CHCO2tBu), 4.02 (d, 1H, J 1.9 Hz, CHPh), 7.27-7.35 (m, 5H, Harom) ppm. 
1H-NMR in 
agreement with the data reported in the literature.  
tert-Butyl (2R,3R)-2-(methylsulfonyloxy)-3-azido-3-phenyl-propanoate (34) 
A solution of epoxy ester 30 (2.29 g, 10.3 mmol), sodium azide (2.01 g, 30.9 mmol), 
and ammonium chloride (1.65 g, 30.9 mmol) in methanol (20 ml) was heated at reflux 
for 4.5h, as described for azido alcohol ent-23. The crude product containing azido 
alcohol 32 (2.31 g, 85%) was analysed by 1H-NMR and used in subsequent reactions 
without further purification. 
Triethylamine (0.53 ml, 3.76 mmol) was added dropwise to a cooled (0°C) solution of 
azido alcohol 32 (0.99 g, 3.76 mmol) and methanesulfonyl chloride (0.3 ml, 3.76 mmol) 
in dichloromethane (5 ml) under an inert atmosphere.79 The reaction mixture was 
allowed to warm to ambient temperature and after stirring for 30 min poured into water, 
followed by extraction with water (3×). The organic phase was dried (MgSO4) and 
concentrated in vacuo. The crude product 34 (1.28 g, >99%) was used as such in the 
next reaction. 1H-NMR (100 MHz): δ 1.30 (s, 9H, C(CH3)3), 2.98 (s, 3H, CH3), 4.94 (d, 
1H, J 5.0 Hz, CHCO2tBu), 5.08 (d, 1H, J 5.0 Hz, CHPh), 7.33-7.74 (m, 5H, Harom) ppm.  
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tert-Butyl (+)-(2S,3R)-3-phenylaziridine-2-carboxylate (14c) 
Triphenylphosphine (543 mg, 20.7 mmol) and triethylamine (0.55 ml, 40 mmol) were 
added to a solution of crude 33 and 34 (64.1 mg, 18.8 mmol) in tetrahydrofuran/water 
(9:1, 40 ml). The reaction mixture was stirred overnight at room temperature and then 
poured into water and extracted with diethyl ether (3×). The combined organic phases 
were extracted with brine (1×), dried (MgSO4), and concentrated in vacuo. Column 
chromatography (silica gel, heptane/ethyl acetate 3:1) afforded pure product 14c as an 
oil (321 mg, 78%). 1H-NMR (300 MHz): δ 1.50 (s, 9H, C(CH3)3), 1.82 (m, 1H, NH), 2.49 
(dd, 1H, J 2.2 Hz, J 8.0 Hz, CHCO2tBu), 3.16 (dd, 1H, J 2.2 Hz, J 9.3 Hz, CHPh), 7.23-
7.46 (m, 5H, Harom) ppm; [α]D +197 (c=0.9, CHCl3). These data are in agreement with 
the literature.  
1,3-Bis-[(2R,3S)-3-phenyl-2-methyloxycarbonyl-aziridin-2-yl]-2,2-dimethyl-propane-1,3-
dione (ent-15a) 
A stirred solution of ent-14a (817 mg, 4.61 mmol) and triethylamine (0.7 ml, 5.0 mmol) 
in dry diethyl ether (10 ml) was cooled (0°C) with ice. A solution of dimethylmalonyl 
dichloride (0.3 ml, 2.30 mmol) in dry diethyl ether (5 ml) was gradually added and an 
immediate formation of a white precipitate occurred. Stirring was continued for 3h and 
then the reaction mixture was poured into a slightly acidic mixture of water/1N aqueous 
HCl. Extraction with diethyl ether (3×), drying (MgSO4) of the combined organic extracts, 
and removal of the volatiles provided an off-white foam in near-quantitative yield, which 
was used without further purification. Rf 0.23 (heptane/ethyl acetate 2:1); 
1H-NMR (100 
MHz): δ 1.43 (s, 2×3H, C(CH3)), 3.12 (d, 2×1H, J 2.3 Hz, CHCO2CH3), 3.81 (s, 2×3H, 
OCH3), 4.12 (d, 2×1H, J 2.3 Hz, CHPh), 7.23-7.35 (m, 2×5H, Harom) ppm. 
2,2-Bis-[(4R,5S)-4-methyloxycarbonyl-5-phenyl-1,3-oxazolin-2-yl]-propane (ent-16a) 
A catalytic amount of sodium iodide (0.25 equiv.) was added to a solution of bis-
aziridine ent-15a (1.12g, 2.48 mmol) in dry acetonitrile (25 ml). An immediate colour 
change of the reaction mixture was observed. The flask was covered with aluminium foil 
to exclude light and stirring was continued for 4h at 40°C. The off-white solution was 
concentrated in vacuo, the residue was dissolved in diethyl ether and washed with 
aqueous thiosulfate solution to remove iodine. After drying (MgSO4) and concentration 
in vacuo, the crude product was purified by column chromatography (silica gel, 
heptane/diethyl ether 1:3). Pure bis-oxazoline ent-16a was obtained as viscous 
colourless oil (791 mg, 71%). Rf 0.11 (heptane/diethyl ether 1:1); 
1H-NMR (100 MHz, 
acetone-d6): δ 1.62 (bs, 2H, H2O), 1.72 (s, 6H, C(CH3)2), 3.80 (s, 2×3H, OCH3), 4.64 
(d, 2×1H, J 7.9 Hz, CHN), 5.74 (d, 2×1H, J 7.9 Hz, OCHPh), 7.26 (bs, 2×5H, Harom) 
ppm; [α]D -124.3 (c=1.01 , CHCl3). 
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Racemic 2,2-bis-[4-methyloxycarbonyl-5-phenyl-1,3-oxazolin-2-yl]-propane (rac-16a) 
Bis-oxazoline rac-16 was obtained in 2 steps starting from aziridine ester rac-16a, in a 
similar way as described for ent-16a (vide supra), as a sticky material, in 82% overall 
yield. 1H-NMR (100 MHz, acetone-d6): δ 1.72 (s, 6H, C(CH3)2), 3.80 (s, 2×3H, OCH3), 
4.64 (d, 2×1H, J 7.8 Hz, CHN), 5.74 (d, 2×1H, J 7.8 Hz, OCHPh), 7.26 (bs, 2×5H, 
Harom) ppm. 
2,2-Bis-[(4S,5R)-4-methyloxycarbonyl-5-phenyl-1,3-oxazolin-2-yl]-propane (16a)  
Compound 16a was prepared in a similar way as described for ent-16a, starting from 
14a, yield 77%. Mp 78-79°C (uncorr.); 1H-NMR (100 MHz): δ 1.71 (s, 6H, C(CH3)2), 
3.80 (s, 2×3H, OCH3), 4.63 (d, 2×1H, J 5.9 Hz, CHN), 5.73 (d, 2×1H, J 5.9 Hz, 
OCHPh), 7.26 (bs, 2×5H, Harom) ppm; 1H-NMR (100 MHz, acetone-d6): δ 1.48 (s, 2×3H, 
C(CH3)2), 2.69 (bs, 2H, H2O), 3.59 (s, 2×3H, OCH3), 4.40 (d, 2×1H, J 7.6 Hz, CHN), 
5.60 (d, 2×1H, J 7.6 Hz, OCHPh), 7.26 (bs, 2×5H, Harom) ppm; IR (KBr): νmax 1750, 
1720 (C=O, ester), 1660 (C=N, oxazoline) cm-1 (No sign of OH absorption); [α]D 
+124.5 (c=0.8, CHCl3); Analysis calculated for C25H26N2O6·H2O (468.507): C, 64.10%; 
N, 5.98%; H, 5.98%. Found: C, 64.63%; N: 6.05%; H, 5.63%. 
2,2-Bis-[(4S,5R)-4-methyloxycarbonyl-5-(4-methoxyphenyl)-1,3-oxazolin-2-yl]-propane 
(16b) 
Following the procedure as described for ent-15a, aziridine ester 14b (1.00 g, 4.83 
mmol), dimethylmalonyl dichloride (388 mg, 2.30 mmol), and triethylamine (0.67 ml, 
4.83 mmol) were reacted in cooled (-30°C → 0°C) diethyl ether (40 ml), to give pure bis-
aziridine 15b (1.56 g, 63%) after tedious column chromatography (silica gel, 
heptane/ethyl acetate 15:2). 
Following the procedure described for ent-16a, bis-oxazoline 16b was prepared starting 
from bis-aziridine 15b (1.56 g, 3.0 mmol). Tedious column purification (heptane/ethyl 
acetate 2:1, heptane/ethyl acetate 1:1) afforded almost pure product in a poor yield (62 
mg, 4%). Rf 0.25 (heptane/ethyl acetate 1:1); 
1H-NMR (300 MHz): δ 1.68 (s, 6H, 
C(CH3)2), 3.77 (s, 2×3H, OCH3), 3.79 (s, 2×3H, OCH3), 4.61 (d, 2×1H, J 7.7 Hz, CHN), 
5.66 (d, 2×1H, J 7.7 Hz, ArCHO), 6.76-6.67 (bd, 2×2H, Harom, ortho), 7.26-7.12 (bd, 
2×2H, Harom, meta) ppm; [α]D  +113.1 (c=0.49, CHCl3).80    
2,2-Bis-[(4S,5R)-4-tert-butyloxycarbonyl-5-phenyl-1,3-oxazolin-2-yl]-propane (16c) 
Aziridine ester 14c (250 mg, 1.14 mmol), dimethylmalonyl dichloride (72 µl, 0.54 
mmol), and triethylamine (158 µl, 1.63 mmol) were reacted in diethyl ether (10 ml) as 
described for the synthesis of bis-aziridine ent-15a. Crude bis-aziridine 15c (286 mg, 
47%) was used as such in the next step. 
Chapter 3 
Bis-oxazoline 16c was obtained after treating crude bis-aziridine 15c (286 mg, 0.53 
mmol) with a catalytic amount of sodium iodide (0.25 equiv.) in dry acetonitrile at room 
temperature, as described above for the synthesis of bis-oxazoline ent-16a. Column 
chromatography (silica gel, heptane/ethyl acetate 5:1) afforded pure bis-oxazoline 16c as 
a white solid material (111 mg, 40%). Rf 0.12 (heptane/ethyl acetate 5:1); 
1H-NMR (300 
MHz): δ 1.48 (s, 2×9H, C(CH3)3), 1.73 (s, 6H, C(CH3)2), 4.51 (d, 2×1H, J 7.7 Hz, 
CHCO2tBu), 5.58 (d, 2×1H, J 7.7 Hz, CHPh), 7.26 (bs, 2×5H, Harom) ppm; [α]D  +116.6 
(c=0.59, CHCl3). These data are in agreement with the literature.  
2,2-Bis-[(4S,5R)-4-tert-butyloxycarbonyl-5-phenyl-1,3-oxazolin-2-yl]-propane (ent-16c) 
Prepared by Thijs: Mp 151-152°C (uncorr.); 1H-NMR (100 MHz), δ 1.48 (s, 2×9H, 
C(CH3)3), 1.72 (s, 6H, CH3CCH3), 4.51 (d, 2×1H, J 7.6 Hz, CHN), 5.57 (d, 2×1H, J 7.5 
Hz, ArCHO), 7.24 (s, 2×5H, Harom) ppm; IR (KBr): νmax 1790, 1770 (C=O, ester), 1670 
(C=N), 1150 cm-1; Elemental analysis calculated for C31H38N2O6 (534.653): C, 69.64%; 
N, 5.24%; H, 7.16%. Found C, 69.78%; N, 5.27%; H, 7.18%; [α]D -112 (c=1, CHCl3). 
1,1-Bis-[(4R,5S)-4-methyloxycarbonyl-5-phenyl-1,3-oxazolin-2-yl]-cyclopropane (16d) 
Prepared by Thijs: 1H-NMR (100 MHz), δ 1.46-1.62 (m, 4H, CH2CH2), 3.80 (s, 2×3H, 
OCH3), 4.63 (d, 2×1H, J 7.5 Hz, CHN), 5.75 (d, 2×1H, J 7.5 Hz, OCHPh), 7.31 (bs, 
2×5H, Harom) ppm; IR (CCl4): νmax 1745 (C=O, ester), 1660 (C=N, oxazoline) cm-1; [α]D 
-71.5 (c=1, CHCl3). 
1,1-Bis-[(4R,5S)-4-methyloxycarbonyl-5-phenyl-1,3-oxazolin-2-yl]-cyclopentane (16e) 
Prepared by Thijs: Mp 115°C (uncorr.); 1H-NMR (100 MHz), δ 1.60-1.90 (m, 4H, 
CH2CH2CH2CH2), 2.10-2.80 (m, 4H, CH2CH2CH2CH2), 3.80 (s, 2×3H, OCH3), 4.64 (d, 
2×1H, J 7.7 Hz, CHN), 5.72 (d, 2×1H, J 7.7 Hz, OCHPh), 7.28 (bs, 2×5H, Harom) ppm; 
IR (CCl4): νmax 1750 (C=O, ester), 1650 (C=N, oxazoline) cm-1; Elemental analysis 
calculated for C27H28N2O6 (476.529): C, 68.05%; N, 5.88%; H, 5.92%. Found C, 
68.08%; N, 5.88%; H, 5.97%; [α]D +89.7 (c=1, CHCl3). 
1,1-Bis-[(4S,5R)-4-methyloxycarbonyl-5-phenyl-1,3-oxazolin-2-yl]-cyclohexane (16f) 
Prepared by Thijs: Mp 107°C (uncorr.); 1H-NMR (100 MHz), δ 1.40-1.90 (m, 6H, 
CH2CH2CH2CH2CH2), 2.06-2.35 (m, 4H, CH2CH2CH2CH2CH2), 3.81 (s, 2×3H, OCH3), 
4.67 (d, 2×1H, J 7.6 Hz, CHN), 5.71 (d, 2×1H, J 7.6 Hz, OCHPh), 7.30 (bs, 2×5H, 
Harom) ppm; IR (CCl4): νmax 1750 (C=O, ester), 1650 (C=N, oxazoline) cm-1; Elemental 
analysis calculated for C28H30N2O6 (490.556): C, 68.56%; N, 5.71%; H, 6.16%. Found 
C, 68.29%; N, 5.72%; H, 6.14%; [α]D +106.8 (c=1, CHCl3). 
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2,2-Bis-[(4R,5S)-4-((diphenyl)methanol)-5-phenyl-1,3-oxazolin-2-yl]-propane (ent-35) 
A solution of bis-oxazoline ent-16a (794 mg, 1.76 mmol) in dry tetrahydrofuran (15 ml) 
was added gradually to a solution of freshly prepared phenylmagnesium bromide (10.5 
mmol) in dry tetrahydrofuran (25 ml) under inert atmosphere at room temperature. The 
clear brown reaction mixture soon changed colour to green. Monitoring by thin layer 
chromatography (heptane/diethyl ether 1:3) revealed that all starting material had 
disappeared after 3h. The reaction mixture was extracted (3×) with saturated aqueous 
ammonium chloride and the collected aqueous layers were then extracted with diethyl 
ether (3×). The combined organic extract was washed with brine (1×), dried (MgSO4), 
and concentrated in vacuo, providing crude product as a white foam. Pure crystallised 
product was obtained by allowing a solution of the crude product in diethyl ether to 
evaporate slowly. The crystalline product was collected by filtration and washed with 
cooled diethyl ether, to give white crystals (672 mg, 55%). Rf 0.16 (heptane/diethyl ether 
3:1); Mp 245.2°C (corr.); 1H-NMR (300 MHz, acetone-d6): δ 1.42 (s, 6H, C(CH3)2), 2.84 
(s, 2H, H2Ocrystal),  4.61 (s, 2×1H, OH), 5.17 (dd, 2×1H, J 5.7 Hz, CHN), 5.47 (dd, J 5.7 
Hz, CHO), 6.88-7.56 (m, 2×15H, Harom) ppm (The signal of OH disappeared completely 
after treatment of the 1H-NMR sample with a few drops of D2O, while the signal of 
H2Ocrystal shifted downfield); [α]D +7.16 (c=1.02, CHCl3). 
2,2-Bis-[(4S,5R)-4-((diphenyl)methanol)-5-phenyl-1,3-oxazolin-2-yl]-propane (35) 
As described for ent-35, the compound was obtained as a yellow oil that solidified on 
standing. The material was recrystallised to give diamond-like white crystals (556 mg, 
58%). Mp 229°C (corr.); 1H-NMR (300 MHz): δ 1.25 (s, 2H, H2Ocrystal), 1.57 (s, 2×3H, 
C(CH3)2), 3.50 (bs, 2×1H, OH), 5.15 (dd, 2×1H, J 5.7 Hz, CHN), 5.39 (dd, J 5.7 Hz, 
CHO), 6.68 + 7.15-7.38 (m, 2×15H, Harom) ppm; [α]D -5.99 (c=1.09, CHCl3). 
1-(tert-Butylsulfanyl)-1-(trimethylsilyloxy)-ethene (40) 
General literature procedure81: A solution of freshly prepared lithium diisopropylamide 
(55 mmol) in THF (75 ml) was added to a cooled solution (-78°C) of S-tert-butyl 
thioacetate (7.11 ml, 49.9 mmol) in dry diethyl ether (75 ml) under a blanket of N2. After 
stirring for 1h at -78°C, a solution of trimethylchlorosilane (7.6 ml, 60 mmol) in diethyl 
ether (25 ml) was added dropwise. Then, the reaction mixture was allowed to warm to 
ambient temperature and then stirring was continued for another 2h. Next, all volatiles 
were evaporated in vacuo and the residue was extracted with 1N aqueous sodium 
bicarbonate/pentane (3×).  The collected organic layers were dried (MgSO4) and distilled 
(60°C, 10 mmHg) to give 40 as a yellow oil (90-95%). 1H-NMR (100 MHz): δ 0.26 (s, 
9H, Si(CH3)3), 1.39 (s, 9H, C(CH3)3), 4.45 (s, 1H, HHC=C), 4.67 (s, 1H, HHC=C) 
ppm. These data are in agreement with the literature. 
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Methyl 4-(tert-butylsulfanylcarbonyl)-2-hydroxy-2-methyl-butanoate (41) 
A sample of racemic Mukaiyama aldol product 41 was prepared using 10 mol% of 
racemic bis-oxazoline rac-16a.  The 2-trimethylsilyloxy intermediate (1H-NMR (100 
MHz): δ 0.13 (s, 9H, Si(CH3)3), 1.43 (s, 9H, C(CH3)3), 1.47 (s, 3H, CH3), 2.79 (d, 2J 17.8 
Hz, CHHC(=O)), 2.96 (d, 2J 17.8 Hz, CHHC(=O)), 3.74 (s, 3H, OCH3)  ppm) was 
desilylated to aldol product 41 by extraction with aqueous ammonium chloride solution. 
1H-NMR (100 MHz): δ 1.28 (s, 3H, CH3), 1.32 (s, 9H, C(CH3)3), 2.69 (d, 2J 15.8 Hz, 
CHHC(=O)), 2.97 (d, 2J 15.8 Hz, CHHC(=O)), 3.61 (s, 1H, OH), 3.67 (s, 3H, OCH3) 
ppm. Racemic aldol product 41 was used as reference material for analysis by GLC on a 
chiral β-CD column at 150°C (isothermic). The data of the optically active product were 
compared with those of enantiomerically enriched aldol 41 with known configuration.  
Methyl 2-methyl-4-oxo-2,3-dihydro-2H-pyran-2-carboxylate (46) 
The enantioselectivity of optically active product was determined by GLC analysis 
(γ-CD). The configuration was determined by comparison of the GLC data of the 
product with those of enantiomerically enriched compound 46 with known 
configuration. 
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SYNTHESIS AND APPLICATION 
OF N-SULFONYL-AZIRIDINYL 
CARBINOL LIGANDS IN 
ASYMMETRIC REACTIONS 
 
4.1 INTRODUCTION 
The chemistry of aziridines has attracted the interest of chemists for more than a century. 
The prime interest for these three-membered nitrogen-containing heterocycles lies in the 
effect of the inherent ring strain on chemical behaviour. In recent years, interest has 
shifted to functionalised aziridines as synthetic building blocks. Much focus is on chiral 
aziridines with defined stereochemistry. Regio- and stereochemical controlled reactions of 
chiral aziridines have found widespread use in organic syntheses. Several reviews and 
reports on aziridine chemistry have appeared in recent years.1, , , , , , ,2 3 4 5 6 7 8
Two principal reaction modes can be distinguished, namely regio- and stereochemical 
controlled ring opening reactions1,3 to give amino derivatives9, ,10 11 with defined 
stereochemistry and ring expansion reactions.12, ,13 14 The latter also often occurs in a 
regio- and stereocontrolled manner. 
Some appealing examples to illustrate the rich chemistry of functionalised aziridines will 
be given below. In their synthesis of HIV protease inhibitors, Kim and co-workers made 
use of chiral aziridine derivatives as versatile synthetic building blocks.15 A controlled ring 
opening reaction of a Boc-protected aziridine gave an alkoxy amine, which served as the 
essential precursor for the preparation of the HIV protease inhibitors (Scheme 4.1). 
 
BocN
Cl
OR
BocN Cl
OR
R'
HIV Protease Inhibitor
Ring opening:
1 2  
 
Scheme 4.1 
 
Ring expansion reactions induced by an iodide ion were discovered by Heine more than 
40 years ago.16, , ,17 18 19 Recently, this Heine reaction was revitalised in the ring expansion 
reaction of aziridine-2-carboxylic ester into oxazolines in a regio- and stereocontrolled 
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manner (Scheme 4.2).20,21 This ring expansion takes place via an initial ring opening by a 
nucleophilic reaction of the iodide ion, followed by a ring closure to the five-membered 
ring heterocycle. This sequence of events takes place with double inversion, which means 
net retention at one of the stereogenic centres. 
 
NO
R'
CO2RPh
CO2R
Ph
I
NO
R'
N CO2R
R'O
Ph
I-
Ring expansion:
inversion inversion-
3 4
 
 
Scheme 4.2 
 
Aziridines also find industrial application, for example as polyfunctional aziridine 
hardeners or cross-linkers for many surface coatings, finishes, and adhesives.22
In this chapter the focus is on the use of aziridines as ligands in asymmetric synthesis. In 
this application of aziridines effective use can be made of the close proximity of the 
electron-donating nitrogen atom to one or two stereogenic centre(s) contained in the 
three-membered heterocyclic ring.  
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Figure 4.1 
  68
 Synthesis and Application of N-Sulfonyl-Aziridinyl Carbinol Ligands in Asymmetric Reactions 
  69
Tanner and co-workers have carried out a considerable amount of research concerning 
the use of aziridines as ligand systems.1,23 Illustrative examples of aziridine ligands, 
namely compounds 5-11, studied by this group are shown in Figure 4.1. The 
C2-symmetric bis-aziridine 5 was used as ligand in for instance the copper-catalysed 
aziridination and cyclopropanation reaction,24,25 the osmium mediated asymmetric 
dihydroxylation of trans-stilbene,24,25,26 and the palladium catalysed allylic alkylation 
reactions.24,25,27 In the context of this chapter, the aziridine carbinols are of particular 
interest. Tanner et al. have investigated the aziridine carbinol ligands 7-11 for the 
diethylzinc addition to aldehydes28 and as promoter for the enantioselective addition of 
dialkylzinc to N-substituted imines.29 The ligand with the best performance in this reaction 
is aziridine bis-carbinol 7. The N-trityl-aziridinyl-methanol 10 only showed a poor 2% ee 
in the asymmetric addition of diethylzinc to benzaldehyde. Tanner et al. have attributed 
this low efficiency in the chirality transfer of this N-trityl ligand 10 to the steric hindrance 
of the N-protecting function (Table 4.1). 
 
Table 4.1 Results for the diethylzinc addition to benzaldehyde using ligands 6-13 
 
O
H
OHEt2Zn
3-5 mol% of ligand
*Toluene, RT to -23°C
14 15  
 
Entry Ligand Yield (%)1) ee (%)2) Configuration 
1 1)63) 76 6 R 
2 7 83 94 S 
3 8 90 75 S 
4 9 73 67 R 
5 10 23 2 S 
6 11 69 47 S 
7 12 90 99 S 
8 13 96 96 S 
 
1) Isolated after flash chromatography 
2) Determined by GLC analysis using a chiral column 
3) This compound has ether substituents rather than carbinol substituents  
 
In the Nijmegen group Lawrence has investigated ligand 12 containing the N-trityl 
function and the (diphenyl)hydroxymethyl group.30,31 Surprisingly and gratifyingly, this 
ligand showed a superb performance in the diethylzinc addition to aldehydes including 
the aliphatic ones. The efficiency of this ligand was attributed to the favourable umbrella 
effect of the N-trityl group in combination with the "magic" (diphenyl)methylhydroxy 
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group. The magic effect of the (diphenyl)methylhydroxy group was first recognized by 
Braun et al.32 for a series of TADDOL ligands, like compound 17 (Scheme 4.3). 
TADDOL compounds represent a class of compounds derived from tartaric acid and they 
have been extensively studied, amongst others, by Toda and co-workers.33, ,34 35 Numerous 
synthetic processes have been described wherein TADDOLs are utilised as chiral ligands 
for various enantioselective additions, e.g., the titanium-mediated diethylzinc addition to 
heptaldehyde 16, as shown in Scheme 4.3.  
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Scheme 4.3 
 
The results of Lawrence also demonstrated that ligand fine-tuning is not always 
predictable, because on the basis of Tanner's results N-trityl aziridine carbinols were not 
considered to be of interest, while ligand 12 performs superbly. 
The aziridine carbinol can also be used as ligand in other reactions than the diethylzinc 
addition to aldehydes. After removal of the trityl group from nitrogen, the unprotected 
compound 20 was used in the asymmetric reduction of ketones using oxazaborolidines 
(Scheme 4.4). The aziridine carbinol 20 performed excellently in the reduction of, for 
example, acetophenone in tetrahydrofuran (ee 92-94%), which is comparable to Corey's 
proline derived carbinol 19.36,37
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Scheme 4.4 
 
The ligand 20 was also immobilised on a solid support.38 This polymer-supported 
aziridine carbinol 13 (Figure 4.1) also was highly effective in the diethylzinc addition to 
  70
 Synthesis and Application of N-Sulfonyl-Aziridinyl Carbinol Ligands in Asymmetric Reactions 
  71
aldehydes. The performance of this ligand is so remarkable that it is worthwhile to make 
it commercially available.39
In this chapter the question is addressed whether a sulfonyl group at the nitrogen atom of 
the aziridine carbinol could provide a stereoelectronic shielding effect comparable to the 
steric umbrella effect of the trityl group. Inspection of space filling models indicates that 
the sulfonyl functionality is quite a sizeable group. The electronic effect of the sulfonyl 
oxygen possibly could position the diethylzinc reagents or, alternatively, any other 
metallo-organic reagent, in such a way that an efficient chirality transfer of aziridine 
ligand to the substrate can be achieved. Although this suggestion is somewhat 
speculative, it was considered meaningful to prepare a series of N-sulfonyl-aziridine 
carbinols and study their behaviour as ligands in the diethylzinc addition to aldehydes.  
4.2 RESULTS AND DISCUSSION 
4.2.1 Synthesis of the ligands 
A retrosynthetic analysis of the N-sulfonyl-aziridine carbinol A (Scheme 4.5) suggests a 
synthetic approach based on a N-trityl-aziridine-2-carboxylic ester 24 as the starting 
material. 
 
N
OH
Ph
Ph
SO2R
N
OH
Ph
Ph
Trt
N
Trt
CO2Me
Trt=CPh3
A 12 24  
 
Scheme 4.5 
 
For the synthesis of chiral aziridine-2-carboxylic esters, various strategies have been 
developed.40 Jähnisch et al.41 achieve this by treatment of oxazolidine-functionalised 
α-haloacrylic acid with amine or ammonia. The chirality is transferred from the 
oxazolidine function to the C3 atom of the aziridine ring. In an alternative approach, 
Aggarwal and co-workers42 introduce chirality to aziridines by the stereoselective addition 
of trimethyl-silyldiazomethane to N-sulfonyl imines. Davis et al.43 report the use of the 
aza-Darzens reaction of lithium α-haloesters with N-sulfinyl imines as the chiral reagent. 
The intramolecular cyclisation of β-halo amino acid esters to obtain optically active 
aziridines was described by Kato and co-workers44 Finally, Legters and co-workers45 
describe a synthetic approach for the conversion of optically active oxirane-2-carboxlic 
esters to the corresponding chiral aziridine esters. However, for the synthesis of N-trityl-
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aziridine-2-carboxylic ester 24, an improved procedure starting from L-serine (Scheme 
4.6) is most convenient.46 N-tritylated serine ester 26, derived from L-serine methyl ester 
25, was treated with triethylamine in the presence of methanesulfonyl chloride in 
tetrahydrofuran at reflux conditions, to produce the desired N-trityl-aziridine-2-carboxylic 
ester 24 in a one-pot operation in high yield.  
 
N
Trt
CO2MeOH
NH2
CO2Me OH
NTrt
CO2Me
Trt=CPh3
2425 26
i ii
 
 
(i) trityl chloride, Et3N, dichloromethane, room temperature, 2 days; (ii) methanesulfonyl 
chloride, Et3N, tetrahydrofuran, 65°C (reflux conditions), 4 days. 
 
Scheme 4.6 
 
In a subsequent Grignard reaction, this N-trityl-aziridine-2-carboxylic ester 24 was 
converted into the corresponding N-trityl-aziridin-2-yl-(diphenyl)methanol 12 using 
freshly prepared phenylmagnesium bromide in tetrahydrofuran (Scheme 4.7). Smooth 
detritylation of this aziridine carbinol 12 was achieved by treatment with 6N aqueous 
sulfuric acid in chloroform/methanol, to give pure aziridin-2-yl-(diphenyl)methanol 20 as 
white crystals after recrystallisation (Scheme 4.7). This aziridine derivative 20 was then 
used as starting material for the preparation of various N-sulfonyl-aziridine carbinols. 
 
N
OH
Ph
Ph
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N
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CO2Me
Trt=CPh3
N
H
OH
Ph
Ph
1224 20
i ii
 
 
(i) PhMgBr, tetrahydrofuran, room temperature → 65°C (reflux conditions), 2h; (ii) 6N H2SO4, 
dichloromethane, room temperature, 2h. 
 
Scheme 4.7 
 
Three N-sulfonyl-aziridine carbinols were prepared. First, N-tosyl-aziridine 28 was 
obtained in high yield by treatment of aziridine 20 with 1 equivalent of p-toluenesulfonyl 
chloride in the presence of an excess of pyridine (Scheme 4.8). Purification of the 
product 28 was easy, and the compound was obtained as a white fluffy material. To test 
its sensitivity towards nucleophilic ring opening, N-tosyl-aziridine 28 was subjected to a 
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reaction with sodium iodide. Remarkably, it was found that this compound was inert 
towards attack by this nucleophile. 
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(i) sulfonyl chloride, pyridine, chloroform (or dichloromethane), 0°C, 3h. 
 
Scheme 4.8 
 
In a similar manner, 2,4,6-triisopropyl-benzenesulfonyl chloride was coupled with 
aziridine carbinol 20 (Scheme 4.8) to give N-sulfonyl-aziridine 29, as beautiful white 
crystals. This material was of such a quality that it could be submitted for an X-ray 
diffraction analysis, a PLUTON drawing47 of which is shown in Figure 4.2. This X-ray 
structure reveals that the sulfonyl oxygen atoms are positioned opposite to the hydroxy 
group in the carbinol substituent. Nitrogen is clearly pyramidal in this structure. It should 
be mentioned that this X-ray structure refers to the crystal lattice and that the orientations 
of the respective groups in the coordination with reagent and substrate may be (and 
probably are) entirely different. 
The third sulfonylation reaction was carried out with polymer-supported sulfonyl chloride 
27 in the presence of pyridine as the base to give immobilised aziridine 30. The 
procedure used was a modification of that used by Ten Holte for the preparation of the 
polymer-supported N-trityl-aziridine-carbinol 6.  The required sulfonyl chloride 14 was 
prepared by treatment of carefully dried Dowex 50X2-400 with thionyl chloride in 
N,N-dimethylformamide. The product obtained was successively washed with water, 
methanol, and diethyl ether, dried, and used immediately.48
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Figure 4.2 PLUTON drawing of the X-ray crystal structure of N-sulfonyl 
aziridin-2-yl-(diphenyl)methanol 29. 
 
It was also attempted to react the aziridine carbinol 20 with p-tosyl-isocyanate (TosNCO) 
in order to prepare the corresponding tosylated amide 31. However, the expected 
product 31 was not obtained when carbinol 20 was treated with p-tosyl-isocyanate, in 
spite of the fact that usually chlorosulfonyl isocyanate (CSI) and chlorosulfonyl 
isocyanate derivatives readily react with nucleophiles at the NCO function.49,50 Instead, 
five-membered ring compound 32 was obtained as a single product (Scheme 4.9). The 
proposed structure of this product was deduced from the spectral data and comparison 
thereof with available literature data51 of related heterocyclic structures. The formation of 
product 32 can be rationalised by invoking a ring expansion of the initially formed amide 
31. This reaction resembles the Heine reaction, but here the reaction seems to be acid 
catalysed,16,52 which is not in agreement with an initial nucleophilic opening of the 
aziridine at the least hindered carbon atom as in the Heine reaction. It should be noted 
that the tertiary alcohol function of aziridine carbinol 20 does not take part in the 
reaction with isocyanates, although such a reaction is quite conceivable. The exclusive 
reaction with the aziridine unit is remarkable. In contrast to the complete conversion of 
the initially formed amide 31 into the five-membered ring 32, the reaction of aziridine 
carbinol 20 with phenyl isocyanate afforded an inseparable mixture of amide 33 and the 
expected corresponding five-membered ring 34. A possible explanation for this 
remarkable difference in reactivity behaviour may be attributed to the difference in 
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acidity of the amide protons of compounds 31 and 33. In amide 31 the proton is more 
acidic than the amide proton of compound 33. As a consequence, the ring expansion of 
amide 31 to the five-membered ring 32 is facilitated in comparison with the formation of 
five-membered ring 34 from amide 33. 
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(i) isocyanate, dichloromethane, 0°C, 1.5h. 
 
Scheme 4.9 
 
In spite of the fact that product 32 has a five-membered ring structure, it was decided, 
out of curiosity, to include this product in the study of the ligand behaviour of N-sulfonyl-
aziridine carbinols. 
For the comparison of N-sulfonyl-aziridine carbinols 28, 29, and 30 as chiral ligands in 
the reaction of diethylzinc with aldehydes, the structurally related derivatives derived 
from proline were prepared as well. The underlying synthetic sequence is shown in 
Scheme 4.10. In route A, methyl prolinate 35 was first sulfonylated with 2,4,6-
triisopropyl-benzenesulfonyl chloride to give N-sulfonyl compound 36. In a subsequent 
treatment with phenylmagnesium bromide the corresponding (diphenyl)methanol 
derivative 37 was obtained. Alternatively, in route B the Grignard reaction was carried 
out first to give (diphenyl)methanol derivative 19,53 followed by the sulfonylation 
reaction to give the same product 37. There is no clearly preferred route. 
It should be noted that Hu et al. reported the synthesis of the polymer-supported N-
sulfonyl-proline carbinol 38.54 This ligand was used successfully in the enantioselective 
Corey-like reduction of ketones in a manner similar to that depicted in Scheme 4.4 (vide 
supra) using sodium borohydride/trimethylsilyl chloride as reducing agent (which is used 
to generate borane in situ).  
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Scheme 4.10 
 
For comparison of various N-sulfonyl ligands also open amino alcohol 41 was 
considered. Its synthesis is depicted in Scheme 4.11. For this purpose methyl L-
phenylglycinate hydrochloride 39 was reacted with Grignard reagent and subsequently 
with the 2,4,6-triisopropyl-benzenesulfonyl chloride to give N-sulfonyl compound 41. 
The Grignard reaction was conducted in a manner similar to that described by Dammast 
et al.55 for the D-phenylglycinate. The sulfonylation procedure was adopted from Cho et 
al.56 The purification of product 41 turned out to be extremely troublesome and no 
satisfactory result was obtained. As a consequence, this impure compound was not 
included in the ligand comparison study.    
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(i) PhMgBr, tetrahydrofuran, 0°C, 2h; (ii) sulfonyl chloride, pyridine, dichloromethane, 0°C → room 
temperature, 5h. 
 
Scheme 4.11 
4.2.2 Asymmetric reactions with the respective ligands 
The performance of the respective ligands (or potential ligands) was investigated for the 
reaction of diethylzinc with benzaldehyde (Scheme 4.12). The results are collected in 
Table 4.2. In all cases 10 mol% of ligand was used and toluene was employed as the 
solvent. The enantiopurity of the product, i.e. 1-phenyl-propan-1-ol, was determined by 
GLC with β-cyclodextrin (β-CD) as chiral support. 
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(i) chiral ligand (10 mol% in dry toluene), benzaldehyde 14, diethyl 
zinc (1M solution in hexane), 0°C → room temperature, overnight. 
 
Scheme 4.12 
 
The results shown in Table 4.2 reveal that ligands 28 and 29 perform by far the best. 
The polymer-supported ligand 30 hardly catalysed the diethylzinc addition, as the 
reaction was still incomplete after a reaction time of 7 days. This inefficiency may be 
caused by low swelling of this ligand under the conditions of the reaction. It is known that 
the polymeric matrix sometimes precludes reactions from taking place. Potential ligand 
32 was not very effective either, nor was the proline derivative 37. The latter result is 
quite surprising, as in other cases proline (diphenyl)methanol showed excellent catalytic 
properties. 
 
Table 4.2 Results of the diethylzinc addition to benzaldehyde using ligands 28, 29, 30, 
32, and 37. 
 
Entry Ligand Yield (%) ee (%)1) Configuration2)
1 28 604) 69 S 
2 29 785) 907) S 
3 30 n.d.6) 28) n.d.6)
4 323) n.d.6) 348) n.d.6)
5 37 n.d.6) <58) n.d.6)
 
1) Determined by chiral GLC (β-CD) 
2) Determined by comparison with the GLC of 1-phenyl-1-propanol with known configuration 
3) Solvent mixture: toluene/dichloromethane 1:1 
4) Isolated yield after column purification 
5) Yield determined from NMR data after column purification 
6) n.d. = not determined 
7) Reaction to completion after just 3 days 
8) Reaction not to completion even after 7 days 
 
The catalytic efficiency of the ligands 28 and 29 is acceptable, but not nearly as good as 
that of N-trityl compound 12. It seems that the stereoelectronic effect does play a role as 
predicted. Additional steric hindrance as exerted by the 2,4,6-triisopropyl-phenylsulfonyl 
group seems to be beneficial. These preliminary conclusions need further substantiation 
Chapter 4 
by studying the ligand performance of N-sulfonyl-aziridin-2-yl-(diphenyl)methanol 
compounds for a series of structural variants, e.g., with another substitution pattern in the 
phenyl ring or by replacing the phenyl group in the (diphenyl)methanol unit with another 
aryl group. 
In order to rationalise the outcome of the diethylzinc addition to aldehyde as presented in 
Table 4.2 a mechanistic scheme has been used (Scheme 4.13). 
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Scheme 4.13 
 
The proposed mechanism in Scheme 4.13 is a modified version of those used in the 
literature for the explanation of the stereochemical results of a similar diethylzinc addition 
using azetidine derived57 and related heterocyclic58, ,59 60 amino alcohols. The mechanism 
shown here is a working model for the transition states of diethylzinc addition to 
benzaldehyde using chiral N-sulfonyl-aziridine catalysts 28, 29, and 30. Two initial 
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complexes of diethylzinc with the catalyst, namely 44 and 45, are considered in analogy 
with the above-cited literature.57,59 The reaction of the aldehyde with complex 44 can 
follow two pathways, namely a1 and a2. In the former pathway more steric hindrance is 
experienced, hence pathway a2, which leads to the S-alcohol 51 via transition state 47, 
is preferred. A similar explanation can be given for catalyst complex 45, with a 
preference for the least sterically encumbered pathway b1 via transition state 48. As 
already indicated above, the poor enantioselectivity of the diethylzinc addition using 
polymer-supported ligand 30 may be due to the poor swelling of this ligand under the 
conditions used. 
The qualitative mechanistic explanation presented in Scheme 4.13 is in line with the 
outcome of a quantitative analysis of the transition states of the diethylzinc addition to 
aldehydes using various β-amino alcohol-type catalysts by Rasmussen and Norrby. 
These authors showed on the basis of Q2MM force field calculations that the preferred 
transition state leading to the predominant enantiomer of the product is specific for each 
type of ligand. For N-trityl-aziridin-2-yl-(diphenyl)methanol 12 it was concluded that the 
chiral nitrogen of the three-membered aziridine ring (this chirality is due to the slow 
inversion of nitrogen in this ring) with a very bulky substituent is responsible for the 
significant preference for one catalyst face over the other. This bulky N-substituent 
interacts with either the spectator ethyl group (Et group on Zna) or the substrate, of which 
the latter can take the least hindered position (cf. 46 and 47, which are referred to as the 
anti-cis and anti-trans pathways, respectively, by Rasmussen and Norrby). 
The force field calculations were only performed for pathway a, not for pathway b. 
Replacing the bulky N-trityl group in ligand 12 with an N-arylsulfonyl substituent also 
gives a ligand with a bulky N-group. In addition, some complexation of the sulfonyl 
oxygen atom with Zna can be envisaged, which fixes this substituent with respect to the 
ethyl spectator group and will induce a stronger steric interaction with the substrate 
leading to a more pronounced preference for transition state 47 (pathway a2). In spite of 
this directing effect of the sulfonyl group the enantioselectivity of ligand 28 is not as good 
by far as that of the N-trityl ligand 12. In the case of ligand 29 the isopropyl groups, 
especially those in the ortho position, will increase the steric bulk around the aziridine N-
atom and accordingly there will be a stronger preference for pathway a2 compared to 
pathway a1 and the enantioselectivity will increase (see Table 4.2). 
The conceivable transition states for pathway a (52 and 54, respectively) and pathway b 
(53 and 55, respectively) are depicted in Figure 4.3. The o-isopropyl group and the 
spectator ethyl group on Zna are in close proximity and this will result in a pushing-away 
effect (buttressing effect) on the ethyl group, causing an extra hindrance for the aldehyde 
in pathway a1 via transition state 46 and thus favouring pathway a2 via 47, leading to 
Chapter 4 
the S-alcohol. In pathway b probably similar steric effects will play a role, which should 
lead to the same enantioselective preference. 
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Figure 4.3 
 
As in the case of N-trityl aziridine carbinols, ligand fine-tuning will provide the best N-
sulfonyl substituted aziridine carbinol ligand. The polymer-supported version of this N-
sulfonyl aziridine carbinol shows disappointing behaviour; however, by using modified 
solid supports this result may be improved. 
4.3 CONCLUDING REMARKS 
In this chapter the synthesis and application of a series of N-sulfonyl amino alcohols, 
especially N-sulfonyl-aziridin-2-yl-(diphenyl)methanols, has been described. It was 
hypothesised that an N-sulfonyl substituent in aziridine carbinol would exert a 
stereoelectronic effect in such manner that a reagent, such as diethylzinc, would complex 
in a well-defined manner with the catalyst to enable an efficient chirality transfer during 
the reaction. The results obtained with the N-(4-methyl-phenylsulfonyl)-aziridin-2-yl-
(diphenyl)methanol 28 and N-(2,4,6-triisopropyl-phenylesulfonyl)-aziridin-2-yl-(di-
phenyl)methanol 29 seem to indicate that such a stereoelectronic effect indeed plays a 
role. However, further substantiation by ligand fine-tuning is necessary. The result with 
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the polymer-supported aziridine carbinol 30 was disappointing, but the use of a different 
solid support might lead to improvement. 
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4.5 EXPERIMENTAL SECTION 
General remarks 
For general experimental details, see Section 2.4 in Chapter 2. For some samples, High 
Resolution FAB was carried out using a JEOL JMS SX/SX102A four-sector mass 
spectrometer, coupled to a MS-MP9021D/UPD data system.61
 
Chemicals 
All solvents are distilled as described Section 2.4 of Chapter 2. 
Methyl (2S)-3-hydroxy-2-tritylamino-propanoate (26)62
Triethylamine (26,9 ml, 193 mmol) was added to a cooled (0°C) solution of L-serine 
methyl ester hydrochloride (15 g, 96 mmol) in dichloromethane (75 ml) and the reaction 
mixture was stirred for 10 min. Then, a solution of trityl chloride (27.8 g, 100 mmol) in 
dichloromethane (75 ml) was added dropwise under vigorous stirring. The reaction 
mixture was stirred for 72h at room temperature. Water was added and the reaction 
mixture was successively extracted with small portions of 10% aqueous citric acid (3×) 
and water (2×). The organic layer was dried (MgSO4) and concentrated in vacuo to give 
a white solid (33.17 g, 96%) that was used without further purification in subsequent 
reactions. 1H-NMR (100 MHz): δ 3.28 (s, 3H, OCH3), 3.42-3.75 (m, 3H, CH2CH), 7.04-
7.54 (m, 3×5H, Harom.) ppm; IR (KBr): νmax 1703 (C=O, ester), 2874, 2946 (CH), 3004, 
3021, 3058 (CHarom) cm
-1. 
Methyl (2S)-1-trityl-aziridine-2-carboxylate (24) 
Trityl protected serine 26 (33.17 g, 91 mmol) was dissolved in dry tetrahydrofuran (100 
ml) and the solution was cooled (0°C) with ice. To this solution triethylamine (28.0 ml, 
203 mmol) was added gradually, followed by mesyl chloride (7.82 ml, 203 mmol) 
(exothermic!). The resulting mixture was allowed to warm to ambient temperature in 30 
min and then stirred for 90h under reflux conditions. The mixture was cooled to room 
temperature and most tetrahydrofuran was removed in vacuo. Ethyl acetate was added 
and the organic layer was extracted with 10% aqueous citric acid (3×) and water (2×). 
Chapter 4 
Next, the organic layer was dried (MgSO4) and concentrated, to give a slightly yellow 
crude product 21 g, 69%). Recrystallisation of 1 g of material from methanol/triethyl-
amine (50 ml/15 drops) afforded an analytically pure sample 24 as white crystals. 1H-
NMR (300 MHz): δ 1.41 (dd, J 1.5 Hz, 6.2 Hz, CHCO2CH3), 1.89 (dd, 2J 2.8 Hz, J 6.2 
Hz, CHH), 2.25 (dd, 2J 2.8 Hz, J 1.5 Hz, CHH), 7.21-7.51 (m, 3×5H, Harom) ppm; [α]D 
-91.0 (c=1.23, CHCl3). Data in agreement with the literature.63
(2S)-1-Trityl-aziridin-2-yl-(diphenyl)methanol (12) 
A solution of tritylated aziridine ester 24 (4.90 g, 14.3 mmol) in THF (30 ml) was added 
gradually to a freshly prepared PhMgBr Grignard-reagent (45 mmol) in dry 
tetrahydrofuran (15 ml) at room temperature under inert atmosphere. After the addition 
was completed, the reaction mixture was stirred for 2h under reflux conditions. The 
reaction was allowed to cool to ambient temperature. Saturated aqueous ammonium 
chloride (20 ml) was added and the organic layer was extracted (2×). The combined 
aqueous layers were extracted with diethyl ether (3×) and then the combined 
tetrahydrofuran/diethyl ether layers were dried (MgSO4) and concentrated in vacuo to 
give an orange/brown oil. The crude product 12 was mixed with methanol and a few 
drops of triethylamine, and stirred for 30 min under reflux conditions. White crystals were 
isolated (2.35 g, 35%) by filtration. The mother liquor was treated again under the same 
conditions, affording slightly beige-coloured powder 12 (887 mg, 13%) of satisfactory 
purity. Mp 130-132°C (uncorr.); 1H-NMR (100 MHz): δ 1.34 (d, 1H, J 6.7 Hz, CHH), 
1.34 (d, 1H, J 3.2 Hz, CHH), 2.36 (dd, 1H, J 3.2 Hz, J 6.7 Hz, CH), 4.44 (s, 1H, OH), 
7.11-7.40 (m, 5×5H, Harom) ppm; [α]D -84.0 (c=1.00, CHCl3). Data in agreement with 
published results.  
(2S)-Aziridin-2-yl-(diphenyl)methanol (20) 
Trityl protected aziridine 12 (3.04 g, 6.5 mmol) was dissolved in a mixture of 
dichloromethane/methanol (12 ml, v/v 1:1). Sulfuric acid (15 ml of a 6N aqueous 
solution) was added at room temperature and the reaction was completed after 2h 
(TLC). The solution was then somewhat concentrated, followed by addition of water and 
diethyl ether. The aqueous layer was then extracted with diethyl ether (3×), after which 
the aqueous layer was poured into a large flask. Saturated aqueous solution of sodium 
carbonate was added to pH=8, which resulted in precipitation of the product. The 
product was extracted from the aqueous layer with chloroform (75 ml, 3×) and after 
drying (MgSO4) and evaporation of the solvent crude product 20 was obtained as a 
white solid. Recrystallisation from ethyl acetate afforded pure product as white crystals 
(1.17 g, 80%). Mp 163-165°C (uncorr.); 1H-NMR (100 MHz): δ 1.74 (d, 1H, J 3.6 Hz, 
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CHH), 1.84 (d, 1H, J 6.0 Hz, CHH), 2.90 (dd, 1H, J 3.6 Hz, J 6.0 Hz, CH), 7.25-7.51 
(m, 2×5H, Harom) ppm. Data in agreement with the literature.36,64
(2S)-1-(4-Methyl-phenylsulfonyl)-aziridin-2-yl-(diphenyl)methanol (28) 
A mixture of aziridine 20 (148 mg, 0.656 mmol) and dichloromethane (3 ml) was slightly 
heated under inert atmosphere to obtain a clear solution. To this solution, pyridine (50 
µl) was added and the mixture was then cooled to 0°C with ice. To the cooled mixture, a 
solution of tosyl chloride (126 mg, 0.661 mmol) in chloroform (1 ml) was gradually 
added using a syringe. After the reaction was completed (3h), the reaction mixture was 
poured into ice/1N hydrochloric acid (aqueous layer should have pH<7) and extracted 
with chloroform (3×). The combined organic layers were washed with saturated aqueous 
sodium bicarbonate (1×), dried (MgSO4), and concentrated in vacuo. Purification by 
column chromatography of the crude product 28 (silica gel, heptane/ethyl acetate 3:1) 
followed by recrystallisation from heptane/ethyl acetate afforded a white fluffy material 
(200 mg, 80%). Rf 0.23 (heptane/ethyl acetate 1:1); Mp 165-166°C; 1H-NMR (300 MHz): 
δ 2.40 (s, 3H, CH3), 2.54 (d, 1H, J 4.5 Hz, CHH), 2.59 (s, 1H, OH), 2.71 (d, 1H, J 7.0 
Hz, CHH), 2.74 (dd, 1H, J 4.5 Hz, J 7.0 Hz, CH), 7.17-7.66 (m, 2×5H+4H, Harom) ppm; 
13C-NMR (75 MHz): δ 21.6 (CH3), 29.8 (CH2), 46.8 (CH), 74.6 (C), 126.2 (CHarom), 
127.3 (CHarom), 127.7 (CHarom), 128.3 (CHarom), 129.6 (CHarom), 143.1 (Carom), 144.6 
(Carom), 144.8 (Carom) ppm; [α]D -25.1 (c=0.91, CHCl3); IR (KBr): νmax 1161 (SO2, 
sulfonamide), 1321 (SO2, sulfonamide),  1335 (SO2, sulfonamide), 3462 (OH) cm
-1; 
Analysis calculated for C22H21NO3S (379.480): C, 69.63%; H 5.58%; N, 3.69%. Found: 
(duplo): C, 68.88%; H, 5.27%; N, 3.29%. 
(2S)-1-(2,4,6-Triisopropyl-phenylsulfonyl)-aziridin-2-yl-(diphenyl)methanol (29) 
In a similar procedure as described for 28, aziridine 20 (148 mg, 0.658), and 2,4,6-
triisopropyl-benzenesulfonyl chloride (197 mg, 0.650 mmol) were brought to reaction to 
give the crude product. Tedious purification by column chromatography (2×, silica gel, 
heptane/ethyl acetate 6:1) afforded the pure compound 29 in moderate yield (270 mg, 
42%). An analytically pure sample was obtained by recrystallisation from heptane/ethyl 
acetate. Rf 0.39 (heptane/ethyl acetate 4:1); Mp 145.2°C (corr.); 1H-NMR (300 MHz): δ 
1.17 (d, 2×3H, J 6.7 Hz, CH(CH3)(CH3)ortho), 1.21 (d, 2×3H, J 6.7 Hz, 
CH(CH3)(CH3)ortho), 1.25 (d, 3H, J 6.9 Hz, CH(CH3)(CH3)para), 1.26 (d, 3H, J 6.9 Hz, 
CH(CH3)(CH3)ortho), 2.51 (d, 1H, J 4.3 Hz, CHH), 2.52 (s, 1H, OH), 2.72 (d, 1H, J 7.0 
Hz, CHH), 2.89 (sept, 1H, J 6.9 Hz, CH(CH3)2 para), 3.81 (dd, 1H, J 4.3 Hz, J 7.0 Hz, 
CH), 4.25 (sept, 2×1H, J 6.7 Hz, CH(CH3)2 ortho), 7.12-7.39 (m, 2×5H+2H, Harom) ppm; 
13C-NMR (75 MHz): δ 23.5 (CH3), 24.7 (CH3), 29.6 (CH), 29.7 (CH), 34.2 (CH2), 46.1 
(CH), 74.7 (C), 123.8 (CHarom), 126.0 (CHarom), 126.4 (CHarom), 128.3 (CHarom), 143.6 
Chapter 4 
(Carom), 144.7 (Carom), 150.9 (Carom), 153.7 (Carom) ppm; [α]D -32.6 (c=0.995, CHCl3); IR 
(KBr): νmax 1132 (SO2, sulfonamide), 1145 (SO2, sulfonamide),  1307 (SO2, 
sulfonamide), 3517 (OH) cm-1, Crystal data, see: 4.6 Crystal Structure Data. 
Polymer-supported benzenesulfonyl chloride (27) 
The procedure as described by ten Holte65 was followed: A sample of Dowex 50 X2-400 
(10 g) was successively washed with water (3×), methanol (3×), and dry diethyl ether 
(3×), followed by drying in vacuo at 70°C overnight. The dried resin was suspended in 
freshly distilled N,N-dimethylformamide (15 ml) and the suspension was cooled to 0°C. 
Thionyl chloride (1.8 ml, 25 mmol) was added slowly, and the reaction mixture was 
allowed to warm to room temperature. The resin was filtered and washed successively 
with methanol (3×), water (3×), methanol (3×), and dry diethyl ether (3×). The resin 27 
was dried overnight in vacuo at room temperature. Yield: 60-70%. IR (KBr): νmax 1134 
(SO2, sulfonyl halide), 1361 (SO2, sulfonyl halide) cm
-1. Data in agreement with the 
literature. 
Polymer-supported (2S)-1-phenylsulfonyl-aziridin-2-yl-(diphenyl)methanol (30) 
In a procedure as described for 28, polymer bound sulfonyl chloride (368 mg, 0.99 
mmol -SO2Cl) was brought to reaction with aziridine 20 (257 mg, 1.14 mmol) in 
dichloromethane (3 ml) with pyridine (0.1 ml) as the base for a period of 3h. After 
filtration of the resin and successive washing with dichloromethane (4×), water (3×), 
methanol (3×), and diethyl ether (4×), the polymer bound product 30 was dried in 
vacuo. Infrared analysis indicated product formation (600 mg). IR (KBr): νmax 1153 (SO2, 
sulfonamide), 1318 (SO2, sulfonamide), 3444 (OH) cm
-1. 
(5S)-5-Di(phenyl)hydroxymethyl-2-(4-methylphenylsulfonylimino)-1,3-oxazolidine (32) 
Tosyl isocyanate (95 µl, 0.624 mmol) was added gradually to a cooled (0°C) suspension 
of aziridine 20 (148 mg, 0.656 mmol) in dichloromethane under an inert atmosphere. 
The clear reaction mixture was stirred at ambient temperature for 1.5h and then 
extracted with a small amount of water. The organic layer was dried (MgSO4) and 
concentrated in vacuo. Pure product 32 was obtained after recrystallisation from 
heptane/ethyl acetate 1:2 or ethanol (164 mg, 62%). Mp 158-160°C (uncorr.); 1H-NMR 
(100 MHz, DMSO-d6): δ 2.30 (s, 3H, CH3), 3.47 (m, 2H, CH2NH), 4.91 (t, 1H, J 6.0 Hz, 
CHO), 6.52 (m, 1H, NH), 7.19-7.91 (m, 2×5H+4H, Harom), 10.4 (s, 1H, OH) ppm; 13C-
NMR (75 MHz, DMSO-d6): δ 21.2 (CH3), 42.1 (CH2), 52.3 (CH), 72.0 (C), 127.2 
(CHarom), 127.7 (CHarom), 128.4 (CHarom), 129.7 (CHarom), 133.7 (CHarom), 135.8 (Carom), 
136.9 (Carom), 144.0 (Carom), 151.4 (C) ppm; IR (KBr): νmax 1160 (SO2, sulfonamide), 
1332 (SO2, sulfonamide), 1673 (C=N, imine), 3303, 3379 (NH, OH) cm
-1; MS (FAB+): 
m/z (%) = 445 (17) [M+Na]+, 423 (27) [M+H]+, 279 (24), 154 (100), 136 (85). 
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1-(N'-Phenylaminocarbonyl)-aziridin-2-yl-(diphenyl)methanol (33) and (5S)-5-di(phenyl)-
hydroxymethyl-2-phenylimino-1,3-oxazolidine (34)  
The same procedure as used for the preparation of 32 was followed, using phenyl 
isocyanate instead of tosyl isocyanate. Recrystallisation (heptane/ethyl acetate 2:1) 
afforded white fluffy crystals (148 mg, 97%) as a mixture of compounds 33 and 34 
(33/34 5:2). 1H-NMR (300 MHz) δ 1.85 (d, 1H, J 3.6 Hz, CHH), 2.48 (d, 1H, J 3.8 Hz, 
CHH), 2.62 (d, 1H, J 6.3 Hz, CHH), 2.70 (d, 1H, J 6.3 Hz, CHH), 2.96 (s, 1H, OH), 
3.40 (dd, 1H, J 3.8 Hz, J 6.3 Hz, CH), 3.96 (dd, 1H, J 3.6 Hz, J 6.3 Hz, CH), 6.38 (br s, 
1H, NH), 6.90 (br s, 1H, NH), 6.95-7.65 (2×5H+4H, Harom) ppm; 13C-NMR  (75 MHz): δ, 
29.0 (CH2), 30.8 (CH2), 43.9 (CH), 46.3 (CH), 75.0 (C), 118.7 (CHarom), 119.0 (CHarom), 
123.6 (CHarom), 123.9 (CHarom), 126.5 (CHarom), 126.8 (CHarom), 127.9 (CHarom), 128.0 
(CHarom), 128.6 (CHarom), 128.9 (CHarom), 129.0 (CHarom), 129.1 (CHarom), 140.0 (Carom), 
141.8 (Carom), 143.2 (Carom), 146.4 (Carom), 161.1 (C), 161.6 (C) ppm; IR (KBr): νmax 1498 
(C=N, imine), 1525 (NH, amide), 1597 (C=N, imine), 1692 (C=O, amide), 3303, 3383 
(NH, OH) cm-1.  
Methyl (2S)-1-(2,4,6-triisopropyl-phenylsulfonyl)-tetrahydro-1H-pyrrole-2-carboxylate 
(36) 
To a suspension of L-proline (10.0 g, 86 mmol) in methanol (75 ml), thionyl chloride 
(18.4 g, 154 mmol) was carefully added and the resulting mixture was heated to 60°C 
and stirred for 6h.66 Excess thionyl chloride and methanol were removed in vacuo and 
the resulting L-proline methyl ester was isolated as its hydrochloric acid salt. This product 
35 was used in subsequent reactions without further purification. 
Pyridine (0.5 ml, 6.2 mmol) and a solution of 2,4,6-triisopropylbenzenesulfonyl chloride 
(788 mg, 2.60 mmol) in dichloromethane (6 ml) were added, respectively, to a cooled 
(0°C) solution of methyl L-proline hydrochloride 35 (436 mg, 2.63 mmol) in 
dichloromethane (6 ml). The yellow solution was stirred overnight and then poured into 
0.5N aqueous HCl. The mixture was extracted with dichloromethane (3×), treated as 
usual to give crude product as sticky yellow syrup. Purification by column 
chromatography (silica gel, heptane/ethyl acetate 6:1) yielded pure compound 36 as a 
colourless oil (520 mg, 51%). Rf 0.30 (heptane/ethyl acetate 4:1); 
1H-NMR (300 MHz): δ 
1.25 (d, 2×6H, J 6.8 Hz, CH(CH3)2, ortho), 1.26 (d, 6H, J 6.8 Hz, CH(CH3)2, para), 1.94-2.26 
(m, 4H, NCH2CH2CH2), 2.89 (sept, 1H, J 6.8 Hz, CH(CH3)2, para), 3.34-3.48 (m, 2H, 
NCH2), 3.52 (s, 3H, OCH3), 4.20 (sept, 1H, J 6.8 Hz, CH(CH3)2, ortho), 4.48 (dd, 1H, J 3.1 
Hz, J 8.7 Hz, NCHCO2CH3), 7.15 (s, 2H, Harom) ppm; 
13C-NMR (75 MHz): δ 23.6 (CH3), 
24.7 (CH3), 24.8 (CH2), 24.9 (CH3), 29.4 (CH), 31.2 (CH2), 34.1 (CH), 48.1 (CH2), 52.0 
(CH3), 59.0 (CH), 123.7 (CHarom), 131.7 (Carom), 151.5 (Carom), 153.1 (Carom), 172.4 (C) 
ppm; MS (GC/EI): m/z (%) = 396 (68) [M+H]+, 267 (32) [SO2Ph(iPr)3]
+, 129 (21) 
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[M+H-SO2Ph(iPr)3]
+, 70 (100) [M+H-SO2Ph(iPr)3-CO2CH3]
+; IR (NaCl): νmax 1151 
(SO2, sulfonamide), 1315 (SO2, sulfonamide), 1363 (SO2, sulfonamide), 1742 (C=O, 
ester), 2871 (CH), 2931 (CH), 2955 (CH) cm-1. 
(2S)-1-(2,4,6-Triisopropyl-phenylsulfonyl)tetrahydro-1H-pyrrol-2-yl-(diphenyl)methanol 
(37) 
A solution of proline ester 36 (395 mg, 1 mmol) in dry THF (10 ml) was added gradually 
to a freshly prepared phenylmagnesium bromide Grignard-reagent (3.05 mmol) in dry 
tetrahydrofuran (5 ml). The reaction mixture was stirred under reflux conditions for 4h 
and was then allowed to cool to ambient temperature. After addition of saturated 
aqueous ammonium chloride, the mixture was extracted with diethyl ether (3×). The 
combined organic layers were dried (MgSO4) and volatiles were removed in vacuo. Pure 
compound 37 was obtained after purification by column chromatography (silica gel, 
heptane/ethyl acetate 10:1 → 4:1), followed by recrystallisation from heptane/ethyl 
acetate 4:1 (177 mg, 34%). Rf 0.61 (heptane/ethyl acetate 4:1); Mp 208°C (corr.); 1H-
NMR (300 MHz): δ 1.16 (d, 6H, J 6.7 Hz, CH(CH3)2, para), 1.22 (d, 6H, J 6.7 Hz, 
CH(CH3)2, ortho), 1.24 (d, 6H, J 6.7 Hz, CH(CH3)2, ortho), 1.51-2.25 (m, 4H, NCH2CH2CH2), 
2.74 (m, 1H, CH(CH3)2, ortho),  2.89 (m, 1H, CH(CH3)2, ortho),   3.26 (m, 1H, CH(CH3)2, 
para),  3.79 (s, 1H, OH), 4.12 (m, 2H, NCH2), 5.30 (dd, 1H, J 3.8 Hz, J 8.9 Hz, NCH), 
7.14 (s, 2H, Harom, meta), 7.15-7.60 (m, 2×5H, Harom) ppm; 13C-NMR (75 MHz): δ 23.5 
(CH3), 24.4 (CH3), 24.5 (CH2), 25.3 (CH3), 29.6 (CH), 30.4 (CH2), 34.1 (CH), 50.5 
(CH2), 65.5 (CH), 80.3 (C), 124.1 (CHarom), 127.0 (CHarom), 127.2 (CHarom), 127.8 
(CHarom), 144.2 (Carom), 145.9 (Carom), 151.8 (Carom), 153.6 (Carom) ppm; [α]D -79.0 
(c=1.00, CHCl3); IR (KBr): νmax 1126 (SO2, sulfonamide), 1139 (SO2, sulfonamide), 
1292 (SO2, sulfonamide), 1305 (SO2, sulfonamide), 3511 (OH) cm
-1. 
In an alternative reaction procedure (route B of Scheme 4.10) for the synthesis of 
polymer-supported sulfonamide described by Hu et al., L-(diphenyl)prolinol 19 was 
brought to reaction with 2,4,6-triisopropylbenzenesulfonyl chloride in the presence of 1 
equivalent of triethylamine. The yield of product by this alternative route B (27%) was 
similar to that by synthetic route A. 
(S)-(-)-2-Amino-1,1,2-triphenylethanol (40)67
According to a procedure similar to that described by Dammast et al.,  (S)-(-)-2-amino-
1,1,2-triphenylethanol was obtained in 35% yield as a white solid. Mp 126°C (Lit.68: Mp 
131-133°C); 1H-NMR (100 MHz): δ 2.35 (br s, 3H, NH2 and OH), 5.00 (s, 1H, CHNH2), 
6.90-7.78 (m, 3×5H, Harom) ppm; [α]D +246 (c=1.80, CHCl3) (Lit. : [α]D 235 (c=1.00, 
CHCl3)). 
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N-(2-Hydroxy-1,2,2-triphenylethyl)-2,4,6-triisopropyl-1-benzenesulfonamide (41) 
Pyridine (0.2 ml, 2.5 mmol) was added to a cooled (0°C) solution of 40 (434 mg, 1.50 
mmol) in dichloromethane (5 ml), followed by dropwise addition of a solution of 2,4,6-
triisopropylbenzenesulfonyl chloride (439 mg, 1.45 mmol) in dichloromethane (5 ml).  
After 2h, the usual work-up procedure was followed, affording crude product 41. This 
was recrystallised (2×, heptane/ethyl acetate 2:1) (448 mg, 56%) to give desired product 
41 with minor impurities. Mp 167.3°C (corr.); 1H-NMR (300 MHz): δ 0.96 (d, 6H, J 6.6 
Hz, CH(CH3)2, ortho), 1.18 (d, J 6.9 Hz, CH(CH3)2, para), 1.24 (d, J 6.6 Hz, CH(CH3)2, ortho), 
2.64 (s, 1H, OH), 2.79 (sept, 1H, CH(CH3)2, para), 3.82 (sept, 2×1H, CH(CH3)2, ortho), 5.33 
(d, 1H, J 6.6 Hz, NH), 5.65 (d, 1H, J 6.6 Hz, CHNH), 6.70-7.68 m, 3×5H, Harom), 6.91 
(s, 2H, Harom, meta) ppm; 
13C-NMR (75 MHz): δ 23.6 (CH3), 24.4 (CH3), 25.0 (CH3), 30.0 
(CH), 34.1 (CH), 63.3 (CH), 81.0 (C), 123.1 (CHarom), 125.7 (CHarom), 126.8 (CHarom), 
127.2 (CHarom), 127.8 (CHarom), 128.6 (CHarom), 128.7 (CHarom), 135.5 (Carom), 143.0 
(Carom), 143.8 (Carom), 149.0 (Carom), 152.2 (Carom) ppm; IR (KBr): νmax 1149 (SO2, 
sulfonamide), 1317 (SO2, sulfonamide), 3461 (OH) cm
-1. 
General procedure for the diethylzinc addition to benzaldehyde 
N-Sulfonyl-aziridine-2-carbinol 28 (76 mg, 0.2 mmol [10 mol%]) was dissolved in dry 
toluene (15 ml) under inert atmosphere in oven-dried glassware. Freshly distilled 
benzaldehyde (0.2 ml, 2.0 mmol) was added and the solution was cooled to 0°C. 
Diethylzinc (4 ml of a 1M solution in n-hexane, 4 mmol) was added gradually at 0°C and 
the mixture was stirred overnight at ambient temperature. A sample for GLC analysis was 
obtained by adding saturated aqueous ammonium chloride to the reaction mixture and 
by shaking for 5 min. The mixture was diluted with a small amount of dichloromethane 
and the enantiomeric purity of the alcohol product was determined by chiral GLC on a 
chiral β-CD column at 125°C (isothermic). Enantiomeric excess: 69% (S-configuration, 
compared to results in the literature).69
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4.6 CRYSTAL STRUCTURE DATA 
Crystals of aziridin-2-yl-(diphenyl)methanol 29 suitable for X-ray diffraction studies were 
obtained from a heptane/ethyl acetate mixture by slow evaporation of the solvent. A 
single crystal was mounted in air on a glass fibre. Intensity data were collected at a 
temperature of -65°C. An Enraf-Nonius CAD4 single-crystal diffractometer was used, 
Mo-Kα radiation, ω scan mode. Unit cell dimensions were determined from the angular 
setting of 14 reflections. Intensity data were corrected for Lorentz and polarisation effects. 
Semi-empirical absorption correction (ψ-scans)70 was applied. The structure was solved 
by the program CRUNCH71 and was refined with standard methods (refinement against 
F2 of all reflections with SHELXL9772) with anisotropic parameters for the non-hydrogen 
atoms. The hydrogens attached to the methyl and hydroxy groups were refined as rigid 
rotors to match maximum electron density in a difference Fourier map. All other 
hydrogens were placed at calculated positions and were refined riding on the parent 
atoms. A structure determination summary is given in Table 4.3.  
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Table 4.3 Crystal data and structure refinement for 29 
 
Crystal colour Transparent colourless 
Crystal shape Rather regular thin platelet 
Crystal size 0.40 × 0.18 × 0.03 mm 
Empirical formula C30H37NO3S 
Formula weight 491.67 
Temperature 208(2) K 
Melting point 145.2°C 
Radiation MoKα (graphite mon.) 
Wavelength 0.71073 Å 
Crystal system Monoclinic 
Space group P21
Unit cell dimensions  a = 13.572(3) Å 
(14 reflections, 1.878 < θ < 7.449) b = 5.8996(13) Å 
 c = 16.853(7) Å 
 α = 90° 
 β = 92.88(2)° 
 γ = 90° 
Volume 1347.7(7) Å3
Z 2  
Calculated density 1.212 Mg⋅m-3
Absorption coefficient  0.151 mm-1
Diffractometer (scan) Enraf-Nonius CAD4 (ω) 
F(000) 528 
θ range for data collection  4.22 to 20.81° 
Index ranges -13 ≤ h ≤ 13 
 -5 ≤ k ≤ 0 
 0 ≤ l ≤ 16 
Reflections collected / unique  1625 / 1563 [Rint = 0.2790] 
Reflections observed  462 ([Io > 2σ(Io)]) 
Absorption correction Semi-empirical from ψ-scans 
Range of relat. transm. factors 1.089 and 0.948 
Refinement method Full-matrix least-squares on F2
Computing SHELXL-97 
Data / restraints / parameters  1563 / 529 / 323 
Goodness-of-fit on F2  1.019 
SHELXL-97 weight parameters 0.070800, 0.000000 
Final R indices [I > 2σ(I)] R1 = 0.1191, wR2 = 0.1977 
R indices (all data) R1 = 0.3392, wR2 = 0.2998 
Largest diff. peak and hole 0.372 and -0.394 e⋅Å-3
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DUMMY TEXT CHAPTER 5 
DISULFONIMIDE 
FUNCTIONALISED STRUCTURES 
(PRELIMINARY STUDY) 
 
5.1 INTRODUCTION 
Sulfonamide derivatives have long been known for the analysis and protection of amines 
and as biologically and catalytically active compounds. A common reaction involving the 
synthesis of sulfonamides is the Hinsberg test. This test is used to determine whether an 
amine is primary, secondary, or tertiary. Primary amines react with arenesulfonyl halides 
to give a sulfonamide that contains one acidic sulfonamide hydrogen, secondary amines 
lead to neutral sulfonamides, and tertiary amines normally do not react with 
arenesulfonyl halides. 
Sulfonamides are frequently the essential structural element in pharmaceuticals, 
commonly called sulfa drugs. Numerous such sulfa drugs are in use as an antibacterial 
agent. Moreover, sulfonamides have also been used as HIV-protease inhibitors,1 as 
alternatives for penicillin drugs,2 and for the treatment and prevention of Respiratory 
Syncytial Virus (RSV). 3 An example of such an RSV-inhibitor is depicted in Figure 5.1. 
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Figure 5.1 
 
In contrast to the wide applicability of sulfonamides, disulfonimides, i.e. compounds 
having two sulfonamide functionalities coupled to one amine, are less frequently referred 
to in the literature. An early example dates back to 1950, when Adams and Englund 
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prepared and characterised sterically crowded tri(disulfonimide)mesitylene 1 (Figure 5.2) 
that was obtained as a by-product in low yield.4
 
CH3
N
CH3
N
CH3
N
S
SS
S
S S
O O
O
O
O
O
O O
O
O
O
O
1  
 
Figure 5.2 
 
Many years later, the disulfonimide unit received increased interest because of its ability 
to undergo substitution and/or elimination in the presence of an appropriate nucleophile. 
This has resulted in a lively research activity and, as a consequence, improved synthetic 
methods were developed that provide yields of up to 85% of recrystallised disulfonimide 
product (Scheme 5.1, vide infra).5 More recently, disulfonimides have also been applied, 
for example, as cure catalysts in coatings6 and in polydisulfonimides to mimic biological 
polyanions.7
A characteristic of disulfonimides is that these units show restricted rotational freedom 
due to steric crowding.8 This property might be useful in structures where reduced 
flexibility and rotational freedom is desired. For instance, it would be of interest to 
construct conformationally rigid "functional disulfonimide structures", where the 
functional groups are on the outside of the bulky part. When appropriate functional 
groups are chosen, such disulfonimide based structures would be, in principle, a way to 
arrive at small molecules with a catalytic surface. In this sense, disulfonimides would 
behave similarly to dendrimers having catalytic sites at the dendritic periphery. 
Dendrimers have received an overwhelming interest in recent years. In 1978, Vögtle and 
co-workers described the first synthesis of a dendrimer in a controlled manner.9 Ever 
since, an array of dendrimers has been prepared, using various concepts for their 
synthesis. The use of dendrimers as scaffolds for functional groups, catalytic sites, etc. is 
one of the interesting applications of these tree-like macromolecules. Several reviews on 
dendrimer synthesis and applications have appeared in recent literature.10, , , , ,11 12 13 14 15
In most synthetic approaches to dendritic structures the outer shells, also referred to as 
generations, are built on one by one. After some generations the number of functional 
groups becomes so large that considerable crowding is experienced at the outer shell. 
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This phenomenon is called surface crowding. Such crowding may hamper, for example, 
catalytic sites in exerting their full catalytic capacity.16
A nice example of a functional dendrimer is the photoactive dendrimer 2 (Figure 5.3) 
prepared by the group of Vögtle.17 In this structure, aromatic and aliphatic groups 
alternate with sulfonamide moieties in such a way that the compound is still soluble in 
many organic solvents. The periphery of this structure (which is not influenced by surface 
crowding) is functionalised with photoactive azobenzene units. 
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Figure 5.3 
 
Creating a molecular scaffold using small molecules is an interesting option. Hence, the 
idea was born that functionalised disulfonimides may open the way to the formation of a 
sterically crowded structure which could serve as a scaffold for reactive functionalities and 
which can be considered as a variant of functionalised dendrimers. In contrast to 
dendrimers with high generation numbers that experience steric crowding, in these 
disulfonimide based structures steric crowding is primarily present in the core of these 
mini-variants of dendrimers. In this chapter preliminary results on functionalised 
sulfonamide structures are reported. 
Chapter 5 
5.2 RESULTS AND DISCUSSION 
Reports regarding reliable and efficient syntheses of disulfonimide-containing structures 
are scarce. In many cases the synthesis of a disulfonimide unit requires the isolation of 
the intermediate sulfonamide, consequently affecting the yield in a negative sense. 
However, Bartsch et al. have published a one-step synthesis of primary alkyl and aralkyl 
disulfonimides, in yields ranging from 55-85%, after recrystallisation from common 
organic solvents, such as methanol, ethanol, or acetone. The coupling of an amine with a 
sulfonyl halide is facilitated by the use of 2 equivalents of sodium hydride in 
tetrahydrofuran under reflux conditions (Scheme 5.1). It should be noted that the use of 
aliphatic sulfonyl chlorides resulted in lower yields of the corresponding disulfonimide 
compared to those obtained with aromatic sulfonyl chlorides. Although Bartsch et al. 
gave no explanation for this observation, a plausible reason may be the difference in 
behaviour of the two types of sulfonyl chlorides towards the base. Aliphatic sulfonyl 
chlorides of the type RCH2SO2Cl or ArCH2SO2Cl usually react with a tertiary amine base 
via the sulfene intermediate A (Scheme 5.1). Subsequent reaction of sulfene A with a 
primary amine then gives a sulfonamide. This sulfene route may be accompanied by 
some side reactions leading to by-products, such as dimer formation, and consequently 
to lower yields of the desired product. 
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Scheme 5.1 
  
The preparation of disulfonimide compounds described by Helferich and Doss18 makes 
use of a one-step procedure for aliphatic disulfonimide 10 (Scheme 5.2). This result was 
rather unexpected, because these authors had the intention to prepare ring-closed 
sulfonamide 11. Formation of compound 11 would have been in agreement with earlier 
results that were obtained in a reaction of alkanesulfonyl chloride 6 with n-alkylamine 5 
to give ring-closed sulfonamide 8 (via intermediate sulfonamide 7). Surprisingly, the 
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formation of the disulfonimide 10 from aromatic amine 9 was achieved by treatment 
with excess triethylamine at room temperature. Compared to the reaction conditions that 
were used by Bartsch et al., these Helferich conditions were very mild. The yield of circa 
80% after repeated recrystallisation from ethanol was beyond expectation and therefore 
very satisfactory. 
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Scheme 5.2 
 
Based on the observations by Bartsch et al. and Helferich et al. several experiments were 
performed in order to establish the reactivity and accessibility of various primary 
diamines and sulfonyl chloride for the preparation of the corresponding disulfonimides. 
For these comparative experiments, ethylene diamine 12a, 1,4-diaminobenzene 12b, 
and 4,4'-diaminoazobenzene 12c19 were selected as the primary diamines and 
ethanesulfonyl chloride 13a, p-toluenesulfonyl chloride 13b, p-chlorobenzenesulfonyl 
chloride 13c, p-nitrobenzenesulfonyl chloride 13d, and p-(phthalimido)benzenesulfonyl 
chloride 13e were selected as sulfonyl chlorides (Figure 5.4). In addition, occasionally 
other para-substituted benzenesulfonyl chlorides and primary amines were used as well. 
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Figure 5.4 
 
The reactions of the three types of diamines 12a, 12b, and 12c with the selected 
sulfonyl chlorides are depicted in Scheme 5.3, Scheme 5.4, and Scheme 5.5, 
respectively. 
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Table 5.1 Results of the reactions of three types of diamines with various sulfonyl chlorides in order to  
obtain product 16 
 
Entry RSO2Cl 
(R=) 
Product 
(14/15/16) 
Base 
(equiv.) 
Solvent Reaction 
time (h) 
Reaction 
temp. (°C) 
Product ratio 
(di:tri:tetra)1
Yield 
(% tetra)2
Scheme 5.3 (1,2-diaminoethane 12a): 
1 Et a B1 (4.4) E2 20 Reflux 0:0:1 85 
2 p-CH3C6H4 b B1 (4.4) E2 20 Reflux 0:1:9 76 
3 p-ClC6H4 c B1 (4.4) E2 20 Reflux 1:0:1 36 
4 p-NO2C6H4 d B1 (4.4) E2 20 Reflux 0:0:1 615
Scheme 5.4 (1,4-diaminobenzene 12b): 
5 Et e B1 (4.4) E2 20 Reflux 3:1:0 0 
6 p-CH3C6H4 f B1 (4.4) E2 20 Reflux 0:0:1 88 
7 p-ClC6H4 g B1 (4.4) E2 20 Reflux 0:0:1 95 
8 p-NO2C6H4 h B1 (4.4) E2 20 Reflux 0:1:1 46 
9 p-PhthC6H43 i B1 (4.4) E2 20 Reflux 3:0:7 68 
10 p-CH3C6H4 f A1 (4.4) A2 20 20 1:0:3 355
11 p-CH3C6H4 f A1 (4.4) B2 20 20 3:0:1 n.d.6
12 p-CH3C6H4 f A1 (4.4) D2 20 Reflux 1:0:6 n.d.6
13 p-CH3C6H4 f A1 (4.4) D2 68 Reflux 1:0:7 n.d.6
14 p-CH3C6H4 f C1 (4.1) B2 20 20 1:0:0 0 
15 p-CH3C6H4 f B1 (4.1) C2 20 Reflux 1:0:5 n.d.6
16 p-CH3C6H4 f B1 (4.1) C2 20 20 1:0:0 0 
17 p-CH3C6H4 f A1 (4.1) C2 20 20 1:0:1 n.d.6
18 p-CH3C6H4 f D1 (4.4) C2 20 min Reflux4 1:0:5 67 
19 p-CH3C6H4 f D1 (4.4) C2 30 min  Reflux4 1:0:4 60 
20 p-CH3C6H4 f E1 (4.4) C2 20 min Reflux4 1:0:7 83 
21 p-CH3C6H4 f F1 (4.4) C2 30 min Reflux4 1:0:0 0 
22 p-CH3C6H4 f E1 (4.4) C2 68 Reflux 1:0:2 n.d.6
Scheme 5.5 (4,4'-diaminoazobenzene 12c): 
23 Me j G1 (4.8) F2 20 20 0:0:1 90 
24 p-CH3C6H4 k B1 (4.4) E2 20 Reflux mixture n.d.6
25 p-ClC6H4 l D1 (4.4) C2 20 min Reflux4 1:0:1 30 
26 p-NO2C6H4 m A1 (4.4) C2 20 min Reflux4 1:0:1 n.d.6
 
Base:  (A1) K2CO3; (B1) K2CO3 + 10 mol% 18-crown-6;  (C1) Li2CO3; (D1) Cs2CO3; (E1) Cs2CO3 + 5 mol% 
DMAP; (F1) K2CO3 + 5% DMAP; (G1) Et3N 
Solvents: (A2) acetone; (B2) N,N-dimethylformamide; (C2) THF; (D2) tetrahydrofuran/ N,N-dimethylformamide 3:2; 
(E2) tetrahydrofuran/acetone 3:2; (F2) dichloromethane
 
1) Di-, tri-, and tetra-sulfonyl substituted diamines, based on the signals in the 1H-NMR spectrum of the crude product 
2) Yield in the reaction mixture compared to the maximum yield possible 
3) Phth = phthalimido 
4) Microwave assisted reaction at 300-400 Watt 
5) After recrystallisation 
6) n.d. = not determined 
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There is no reasonable explanation for the failure of the conditions used by Helferich et 
al. for the diamines studied here. Probably solubility problems are the main reason for 
this failure. The use of n-butyl lithium as the base, as described by Bartsch et al., indeed 
gave the desired bis-disulfonimide product, but the work-up procedure was too 
laborious. Hence, the method could not be elaborated to a general one. Several other 
bases were tried and a representative set is collected in Table 5.1. 
The sulfonylation of 1,2-diaminoethane with ethanesulfonyl chloride gave a good yield 
of the tetra-sulfonylated product 16a when potassium carbonate was used as the base in 
the presence of 10 mol% of 18-crown-6. Similarly, the tetra-sulfonylated product 16d 
was obtained in good yield by reaction of 1,2-diaminoethane with p-
nitrobenzenesulfonyl chloride 13d. However, sulfonylation with the sulfonyl chlorides 
13b and 13c gave incomplete conversion and mixtures of tri- and tetra-sulfonylated 
products were obtained with p-toluenesulfonyl chloride 13b, and mixtures of bis- and 
tetra-sulfonylated products with p-chlorobenzenesulfonyl chloride 13c. p-
Nitrobenzenesulfonyl chloride 13d is a stronger electrophile than the other two 
arenesulfonyl chlorides 13b and 13c and, therefore, the tetra-sulfonylation may be 
easier. However, solubility problems play an unpredictable role in these sulfonylation 
reactions, therefore, the difference in outcome may also be attributable to differences in 
solubility. Regrettably, sulfonyl chloride 13e refused to react with diamine 12a. 
The sulfonylation of 1,4-diaminobenzene was investigated with p-toluenesulfonyl 
chloride 13b under a variety of basic conditions (Table 5.1, entries 6 and 10-22). It was 
found that the best yield of tetra-sulfonylated product 16f was obtained with potassium 
carbonate as the base in the presence of 18-crown-6 (Table 5.1, entry 6). Under these 
conditions also p-chlorobenzenesulfonyl chloride 13c reacted to give the tetra-
sulfonylated product 16g in high yield. In contract to that, sulfonyl chlorides 13a and 
13d performed much less well. The 4-(phthalimido)benzenesulfonyl chloride 13e also 
reacted under these conditions, although an undesirable amount of bis-sulfonylated 
product 14i was present as well (Table 5.1, entry 9). It should be noted that in another 
procedure to prepare product 14i using pyridine as the base, product 14i was obtained 
in a nearly quantitative yield. The tetra-sulfonylated product 16i could not be isolated 
from this mixture. This tetra-sulfonylated product 16i is the most interesting in this series, 
as removal of the phthaloyl unit would allow to carry out another cycle of sulfonylation 
reaction to give a dendritic structure. Due to solubility problems this deprotection of 16i 
could not be accomplished. 
Among the attempts to find suitable conditions for the tetra-sulfonylation reaction were 
also some in which microwave irradiation (300-400 Watt) was used to facilitate the 
reaction (Table 5.1, entries 18-20) using cesium carbonate as the base. Although the use 
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of microwave irradiation enhanced the amount of tetra-sulfonylated product, complete 
conversion could not be achieved in this way. 
In order to obtain more readily soluble products the bis-sulfonylated compound 14i was 
treated with alkyl halides as shown in Scheme 5.6. These aliphatic alkyl groups, 
especially the long-chain ones, were expected to enhance the lipophilicity of the 
compounds and therefore their solubility in organic solvents. The alkylated bis-
sulfonamide 17c was prepared in two steps from 1,4-diaminobenzene 12b by 
successive reaction with 4-(N-phthalimido)benzenesulfonyl chloride 13e and 1-
bromodecane, in an overall reasonable yield of 63%. This product 17c was purified by 
crystallisation from heptane/ethyl acetate and showed good solubility in organic solvents, 
such as acetone, chloroform, and dichloromethane. As for the tetra-sulfonylated product 
16i, removal of the phthaloyl unit of product 17c would allow another cycle of 
sulfonylation reaction. However, no attempts is this direction were made. The alkylated 
bis-sulfonamides 17a (methyl substituted) and 17b (pentyl substituted) were prepared 
similarly, but in rather low yields. Their solubility in organic solvents like chloroform and 
dichloromethane was poor, particularly for methyl substituted bis-sulfonamide 17a. 
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Scheme 5.6 
 
The third diamino substrate 12c reacted well with methanesulfonyl chloride to give the 
tetra-sulfonylated product 16j in a yield of 90%. However, reactions with the 
arenesulfonyl chlorides 13b-d gave mixtures of products (Table 5.1, entries 24-26). The 
tetra-methylsulfonyl compound 16j (Table 5.1, entries 23) constitutes an azobenzene 
unit, which is stereoelectronically shielded at both ends with a sulfonimide group. It 
would be of interest to investigate the cis-trans isomerisation of this azobenzene under 
various conditions. 
Another approach to dendrimer-like sulfonamide-containing compounds is depicted in 
Scheme 5.7. Here, the sulfonylating agent contains a branched substituent at the para 
position of the benzene ring. The cyano substituent can, at least in principle, be 
converted into an amino function and as such be subjected to a new cycle of 
sulfonylation reactions. The required sulfonyl chloride 13f was prepared by a sequence 
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of reactions as shown in Scheme 5.7. Coupling of this sulfonyl chloride with 1,4-
diaminobenzene gave bis-sulfonamide 18 in a good yield (88%). Subsequent alkylation 
with 1-bromodecane gave N,N'-bis-decyl-bis-sulfonamide 19 in 67% yield. Inspection of 
molecular models showed that the bis-sulfonamide 19 already has considerable steric 
crowding at the nucleus. Further sulfonylation cycles, after reduction of the cyano groups 
to amino groups, will lead to sterically highly filled molecules. The major obstacle in 
pursuing these reactions may well be the limited solubility of these products with an 
increasing number of sulfonamide groups. Due to time constraints, experiments in this 
direction could not be carried out.   
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(i) PCl5, chloroform, 0°C → 50°C, 2h; (ii) KCN, methanol/water, reflux condition, overnight; (iii) 
Me3SiOSO2Cl, (NaOH, work-up), 1,2-dichloroethane, 0°C → 50°C, 1h; (iv) Cl3COC(O)OCCl3, Bu4NF (cat.), 
DMF (cat.), 0°C → room temperature, overnight; (v) 13f, pyridine, dichloromethane, room temperature, 
overnight; (vi) BrC10H21, K2CO3, N,N-dimethylformamide, room temperature → 50°C, 3h (at room 
temperature)/ 2h (at 50°C). 
 
Scheme 5.7 
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5.3 CONCLUDING REMARKS 
The results described above convincingly show that simple amino substrates, containing 
two primary amino groups, can be converted into the corresponding bis-sulfonamides or 
bis-disulfonimides under appropriate conditions. The best performing basic conditions 
were potassium carbonate in the presence of 10 mol% of 18-crown-6. In some cases, 
mixtures of bis-sulfonamides and bis-disulfonimides were obtained. When sulfonyl 
chlorides are used with a latent free primary amine, in principle, a repetitive reaction is 
conceivable. Due to solubility problems with the bis-disulfonimides such further 
functionalisation may be seriously hampered. N-alkylation of bis-sulfonamides with long-
chain C10-alkyl halide leads to N,N'-bis-decyl-bis-sulfonamides which show good 
solubility properties. It remains to be seen how far solubility problems will preclude the 
preparation of compounds with an extra generation of sulfonamide units. Nevertheless, 
further research into the synthesis of dendritic-type structures containing sterically 
demanding sulfonamide units is justified. 
5.4 EXPERIMENTAL SECTION 
General remarks 
For general experimental details, see Section 2.4 in Chapter 2. For some samples, High 
Resolution FAB was carried out using a JEOL JMS SX/SX102A four-sector mass 
spectrometer, coupled to a MS-MP9021D/UPD data system. 
Chemicals 
All solvents are distilled as described in Section 2.4 of Chapter 2. 
4-[2-(4-Aminophenyl)-1-diazenyl]aniline (12c) 
4-Aminoacetanilide (9.67 g, 63 mmol), sodium perborate tetrahydrate (13.3 g, 87 
mmol), and boric acid (3.3 g, 53 mmol) were successively added to glacial acetic acid 
(150 ml) while stirring. The reaction mixture was stirred overnight at 55°C. Solid material 
was removed by filtration and washed with water until the pH of separately collected 
aqueous filtrate was neutral. The yellow solid material was dried in vacuo at 110°C (5.03 
g, 54%). The product, 4,4’-bis(acetamido)azobenzene, was used as such in subsequent 
reactions. Rf 0.85 (dichloromethane/methanol 4:1); Mp 290.2°C (corr.) (Lit. : 288-293°C 
(dec.)); 1H-NMR (100 MHz, methanol-d4): δ 1.86 (s, 2×3H, CH3), 7.47-7.53 (m, 2×4H, 
Harom) ppm; IR (KBr): νmax 1546 (N=N, azo), 1600 (N=N, azo), 1668 (C=O, amide), 
3271 (NH, amide) cm-1.
4,4’-Bis(acetamido)azobenzene (5.03 g, 17.0 mmol) was stirred for 1.5h while heating at 
reflux in a mixture of methanol and 6N aqueous HCl (100 ml, v/v 1:1). The reaction 
mixture was allowed to cool to ambient temperature and was then filtered. The volume 
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of red filtrate was reduced by half and then neutralised with 15% aqueous sodium 
hydroxide. All solvents were evaporated and the crude product was purified by column 
chromatography (silica gel, dichloromethane/methanol 4:1) to give 12c as a dark yellow 
solid (3.0 g, 83%). Rf 0.82 (dichloromethane/methanol 4:1); Mp 246-248°C (uncorr.) 
(Lit.: 238-241°C (dec.); Lit.20: 245-246°C (uncorr.); Lit.21: 249-250°C (corr.)) 1H-NMR 
(100 MHz, acetone-d6): δ 5.00 (br s, 2×2H, NH2), 6.55 (m, 2×2H, Harom), 7.45 (m, 
2×2H, Harom) ppm; 13C-NMR (75 MHz, acetone-d6): δ 114.7 (CHarom), 124.8 (CHarom), 
145.4 (Carom), 151.5 (Carom) ppm; IR (KBr): νmax 1589 (N=N, azo), 3375 (NH, amine) 
cm-1. 
4-(Phthalimido)benzenesulfonyl chloride (13e) 
Sulfanilic acid (10.2 g, 58.8 mmol) dissolved in methanol (500 ml) was deprotonated 
with potassium tert-butoxide (7.50 g, 66.8 mmol). Water (5 ml) was added to the white 
suspension and the mixture was stirred overnight under reflux. All solvents were 
evaporated and the remaining white powder was suspended in N,N-dimethylformamide 
(250 ml). N-Ethoxycarbonylphthalimide (14.3 g, 65.2 mmol) was added and the reaction 
mixture was stirred overnight at 90°C. All solvent was removed and the residue was 
washed with ethyl acetate to remove most N,N-dimethylformamide. Then freshly distilled 
thionyl chloride (100 ml) was added to the yellow powder and the mixture was slowly 
heated to 40°C and stirred for 20h at this temperature. Thionyl chloride was removed by 
vacuum distillation and the residue was washed, while stirring vigorously with heptane 
(3×) to remove last traces of thionyl chloride. The solid residue was mixed with water and 
stirred for 30 min, then the solid material was collected by filtration and the product was 
dried in vacuo to give 13e as an off-white powder (11.3 g, 60%). Mp 260-262°C 
(uncorr.) (Lit.22: 234-237°C); 1H-NMR (300 MHz, DMSO-d6): δ 7.31-7.97 (m, 8H, Harom) 
ppm; IR (KBr): νmax 1375 (SO2, sulfonyl chloride), 1712 (C=O, imide) cm-1. 
4-[Di(2-cyanoethyl)amino]phenylsulfonyl chloride (13f) 
N-Phenyldiethanolamine23 (10 g, 55 mmol) was dissolved in chloroform (100 ml). The 
solution was cooled (0°C) and phosphorus pentachloride (12 g, 57 mmol) was added 
portion-wise. Then, the mixture was heated to 50°C and a flow of N2 was used to 
remove hydrochloric acid gas from the reaction mixture. Ice water was then added, 
followed by extraction with chloroform (3×). The milky chloroform layers were washed 
with water (3×) to give a clear yellow organic phase. The organic phase was dried 
(MgSO4) and concentrated, to give a yellow oil. Distillation (bp 113°C, 4 mm Hg) of the 
yellow oil afforded a clear oily liquid, N,N-bis-(2-chloroethyl)aniline, which solidified on 
standing (5.56 g, 46%). Mp 44-45°C (uncorr.) (Lit.24: 44-45°C); 1H-NMR (100 MHz): δ 
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3.52-3.83 (m, 2×4H, CH2CH2Cl), 6.65-7.35 (m, 5H, Harom) ppm; MS (GC-EI) m/z (%) = 
218 (100) [M]+, 182 (11) [M-Cl]+, 164 (45).
N,N-Bis-(2-chloroethyl)aniline of the preceding step (5.22 g, 23.9 mmol) was dissolved in 
methanol (40 ml) and a solution of potassium cyanide (5.22 g, 80 mmol) in water (20 
ml) was added slowly. A white solid precipitated and the suspension was stirred 
overnight under reflux conditions. A brownish oil was obtained together with a white 
precipitate after removal of methanol. Water was added to the residue and the oily 
aqueous mixture was extracted with dichloromethane (3×). The collected organic layers 
were dried (MgSO4) and concentrated. The crude product was purified by column 
chromatography (silica gel, heptane/ethyl acetate 3:1 → 1:1) to give the dinitrile as a  
white powder (3.71 g, 78%). Rf 0.13 (heptane/ethyl acetate 4:1); Mp 82-83°C (uncorr.) 
(Lit.25: 80-82°C); 1H-NMR (100 MHz): δ 2.63 (t, 2×2H, J 6.6 Hz, CH2CN), 3.78 (t, 2×2H, 
J 6.6 Hz, NCH2), 6.67-7.40 (m, 5H, Harom) ppm; IR (KBr): νmax 2259 (C≡N) cm-1; MS 
(GC-EI) m/z (%) = 199 (15) [M]+, 159 (100) [M-CH2CN]
+, 106 (21), 77 (6) [C6H5]
+, 54 
(32). 
The dinitrile (2.79 g, 14.0 mmol) of the preceding step, dissolved in 1,2-dichloroethane 
(20 ml), was cooled to 0°C. Trimethylsilyl chlorosulfonate (2.17 ml, 14.0 mmol) was 
added gradually to this cooled solution. First, the clear yellow solution slowly gave a 
brown suspension, later a brown gel separated from the clear colourless solution. The 
mixture was stirred for 1h at 50°C, followed by evaporation of all solvents. The brown 
jelly-like residue was mixed with water (15 ml) and sodium hydroxide (560 mg, 14.0 
mmol) to form a clear yellow solution. Water was removed azeotropically with toluene 
(2×) and benzene (1×), and the remaining product was dried in vacuo for 3 days in the 
presence of phosphorus pentoxide as drying agent. The slightly contaminated crude 
product was used without purification in subsequent reactions. 1H-NMR (100 MHz, 
methanol-d4): δ 2.65 (m, 2×2H, CH2CN), 3.70 (m, 2×2H, NCH2), 6.71-7.67 (m, 5H, 
Harom) ppm. 
The sodium salt of the previous step (14.0 mmol) was suspended in dry dichloromethane 
(20 ml). To this suspension was added a catalytic amount of tetrabutylammonium 
fluoride and a catalytic amount of N,N-dimethylformamide and the mixture was cooled 
to 0°C. In small portions, triphosgene (4.15 g, 14.0 mmol) was added and the yellow 
suspension was stored overnight. Next, the reaction mixture was poured on a glass filter 
covered with silica gel and the residue was washed successively with heptane/ethyl 
acetate 1:1, ethyl acetate 100%, dichloromethane/ethyl acetate 1:1, and 
dichloromethane. After evaporation of all solvents in vacuo, a lemon-yellow solid was 
obtained. Attempts to recrystallise the solid resulted in decomposition of most of the 
material and just 140 mg of pure compound 13f was recovered as an off-white powder. 
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1H-NMR (100 MHz, acetone-d6): δ 3.03 (t, 2×2H, J 7.0 Hz, CH2CN), 4.17 (t, 2×2H, J 
7.0 Hz, NCH2), 7.29 (d, 2×2H, J 9.3 Hz, Harom), 7.99 (d, 2×2H, J 9.3 Hz, Harom) ppm.  
N,N'-Di(ethylsulfonyl)-1,2-diaminoethane (14a) 
Ethanesulfonyl chloride (631 µl, 6.66 mmol) was added portion-wise to a slightly cooled 
solution of 1,2-diaminoethane (222 µl, 3.33 mmol) in pyridine (2 ml). After stirring 
overnight, the black reaction mixture was poured into water (10 ml) and the aqueous 
mixture was extracted with ethyl acetate (3×). The collected organic layers were washed 
with brine (1×), dried (MgSO4), and concentrated in vacuo, to yield a yellow brownish 
solid material (270 mg, 33%). Recrystallisation from ethanol afforded pure product 14a 
as brown needles in low yield. Mp 88°C (uncorr.); 1H-NMR (100 MHz): δ 1.37 (t, 2×3H, 
J 7.3 Hz, CH3), 3.09 (q, 2×2H, J 7.3 Hz, SO2CH2), 3.29 (m, 2×2H, NCH2CH2N), 5.33 
(br s, 2×1H, NH) ppm; 13C-NMR (25 MHz, acetone-d6): δ 8.4 (CH3), 44.0 (CH2), 46.7 
(CH2) ppm; IR (KBr): νmax 1134 (SO2, sulfonamide), 1320 (SO2, sulfonamide), 3264 
(NH) cm-1; Elemental analysis, calculated for C6H16N2O4S2 (244.336): C, 29.49%; H, 
6.60%; N, 11.47%; S, 26.25%. Found: C, 29.78%; H, 6.30%; N, 11.46%; S, 27.05%. 
General procedure for the synthesis of bis-sulfonamides 14b-14d 
Sulfonyl chloride (2 equiv. dissolved in pyridine) was added portion-wise to a cooled 
(0°C) solution of 1,2-diaminoethane (1 equiv.) in pyridine and the coloured suspension 
was stirred for 3h. The mixture was then poured into 10% aqueous HCl. The precipitate 
was collected by filtration and the remaining filter cake was washed thoroughly with 
water to remove traces of acid. The compound was dried in vacuo in the presence of 
phosphorus pentoxide. 
N,N'-Di(4-methylphenylsulfonyl)-1,2-diaminoethane (14b) 
1,2-Diaminoethane (1.6 ml, 23.9 mmol) and p-toluenesulfonyl chloride (9.59 g, 50.3 
mmol) were mixed as described above and allowed to react. The crude compound 14b 
was obtained as a fine yellow powder (7.84 g, 89%), which was not purified further. Mp 
164-165°C (uncorr.) (Lit.26: 160-161°C); 1H-NMR (100 MHz, acetone-d6): δ 2.53 (s, 
2×3H, CH3), 3.08 (m, 2×2H NCH2CH2N), 6.64 (br s, 2×1H, NH), 7.50 (d, 2×2H, J 8.2 
Hz, Harom), 7.72 (d, 2×2H, J 8.2 Hz, Harom) ppm; IR (KBr): νmax 1160 (SO2, sulfonamide), 
1335 (SO2, sulfonamide), 3290 (NH) cm
-1. 
N,N'-Di(4-chlorophenylsulfonyl)-1,2-diaminoethane (14c) 
A solution of 4-chlorobenzenesulfonyl chloride (3.38 g, 16.0 mmol) in pyridine was 
added slowly to a solution of 1,2-diaminoethane (0.51 ml, 7.62 mmol) in pyridine. The 
crude product (2.06 g, 66%) was recrystallised from ethanol/acetone to give 14c as clear 
off-white crystals. Mp 232-233°C (uncorr.) (Lit. 27: 229-230°C); 1H-NMR (100 MHz, 
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acetone-d6): δ 2.56 (m, 2×2H, NCH2CH2N), 7.32-7.64 (m, 2×4H, Harom) ppm; IR (KBr): 
νmax 1150 (SO2, sulfonamide), 1330 (SO2, sulfonamide), 3260 (NH) cm-1; Elemental 
analysis, calculated for C14H14Cl2N2O4S2 (409.314): C, 41.08%; H, 3.45%; N, 6.84%; S, 
15.67%. Found: C, 41.09%; H, 3.50%; N, 6.74%; S, 15.57%. 
N,N'-Di(4-nitrophenylsulfonyl)-1,2-diaminoethane (14d) 
4-Nitrobenzenesulfonyl chloride (3.57 g, 16.1 mmol) and 1,2-diaminoethane (0.51 ml, 
7.62 mmol) were allowed to react according to the general procedure. Recrystallisation of 
the crude product (2.28 g, 69%) from ethanol/dimethyl sulfoxide afforded 14d as orange 
crystals. Mp 280-282°C (uncorr.); 1H-NMR (300 MHz, DMSO-d6): δ 2.84 (br s, 2×2H, 
NCH2CH2N), 7.99 (d, 2×2H, J 8.4 Hz, Harom), 8.13 (s, 2×1H, NH), 8.39 (d, 2×2H, J 8.4 
Hz, Harom) ppm; 
13C-NMR (25 MHz, DMSO-d6): δ 42.2 (CH2), 124.6 (CHarom), 128.0 
(CHarom), 145.7 (Carom), 149.5 (Carom) ppm; IR (KBr): νmax 1152 (SO2, sulfonamide), 1346 
(SO2, sulfonamide), 1541 (NO2), 3265 (NH) cm
-1; Elemental analysis, calculated for 
C14H14Cl2N4O8S2 (430.419): C, 39.07%; H, 3.28%; N, 13.02%; S, 14.90%. Found: C, 
38.97%; H, 3.36%; N, 12.56%; S, 15.15%. 
General procedure for the synthesis of bis-sulfonamides 14e-14i 
To a cooled (0°C) solution of 1,4-diaminobenzene (1 equiv.) in pyridine, sulfonyl 
chloride (2 equiv., neat or dissolved in pyridine) was slowly added and the mixture was 
stirred for 5h. The mixture was then poured into 1N aqueous HCl. The precipitate was 
collected by filtration and the remaining filter cake was washed thoroughly with water to 
remove traces of acid. The compound was dried in vacuo in the presence of phosphorus 
pentoxide. For some sulfonamides, alternative procedures were followed. 
N,N'-Di(ethylsulfonyl)-1,4-diaminobenzene (14e) 
1,4-Diaminobenzene (302 mg, 2.79 mmol), ethanesulfonyl chloride (1.1 ml, 11.7 mmol), 
lithium carbonate28 (865 mg, 11.7 mmol), and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyridiminone (DMPU) (0.5 ml, used as co-solvent) dissolved in tetrahydrofuran (20 ml) 
were subjected for 20 min to microwave irradiation at 400 Watt. Only di-substituted 
product 14e (770 mg, 93%) was obtained as a brown solid material. Mp 222-225°C 
(uncorr.); 1H-NMR (100 MHz, DMSO-d6): δ 1.35 (t, 2×3H, J 7.1 Hz, CH3), 3.20 (q, 
2×2H, J 7.1 Hz, CH2), 7.33 (s, 4H, Harom), 9.84 (s, 2×1H, NH) ppm; 13C-NMR (25 MHz, 
DMSO-d6): δ 8.2 (CH3), 45.2 (CH2), 121.5 (CHarom), 134.6 (Carom) ppm; IR (KBr): νmax 
1170 (SO2, sulfonamide), 1324 (SO2, sulfonamide), 3240 (NH) cm
-1; MS (GC-EI) m/z 
(%) = 292 (42) [M]+, 199 (100) [M-SO2C2H5]
+, 107 (84) [M+H-2×SO2C2H5]+, 29 (61); 
Elemental analysis, calculated for C10H16N2O4S2 (292.380): C, 41.08%; H, 5.52%; N, 
9.58%; S, 21.93%. Found: C, 41.13%; H, 5.40%; N, 9.38%; S, 21.68%. 
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 N,N'-Di(4-methylphenylsulfonyl)-1,4-diaminobenzene (14f) 
1,4-Diaminobenzene (4.57 g, 42.3 mmol) and p-toluenesulfonyl chloride (16.36 g, 85.8 
mmol) were mixed and allowed to react according to the general procedure. The crude 
product (18.6 g, >99%) was recrystallised from 1-butanol to give 14f as off-white 
needles. Mp 280-282°C (uncorr.) (Lit. 29: 276 (corr.)); 1H-NMR (300 MHz, acetone-d6): δ 
2.37 (s, 2×3H, CH3), 7.07 (s, 4H, Harom), 7.29 (d, 2×2H, J 8.0 Hz, Harom), 7.58 (d, 2×2H, 
J 8.0 Hz, Harom), 8.80 (s, 2×1H, NH) ppm; 13C-NMR (25 MHz, DMSO-d6): δ 20.9 (CH3), 
121.5 (CHarom), 126.6 (CHarom), 129.5 (CHarom), 134.0 (Carom), 136.5 (Carom), 143.1 (Carom) 
ppm; IR (KBr): νmax 1160 (SO2, sulfonamide), 1323 (SO2, sulfonamide), 3222 (NH) cm-1. 
N,N'-Di(4-chlorophenylsulfonyl)-1,4-diaminobenzene (14g) 
A solution of 4-chlorobenzenesulfonyl chloride (9.70 g, 46.0 mmol) in pyridine was 
mixed with 1,4-diaminobenzene (2.37 g, 22.0 mmol) following the general procedure. 
An analytically pure sample was obtained after recrystallisation of the crude product from 
1-butanol (9.5 g, 95%) to give 14g as silver-like needles. Mp 274-275°C (uncorr.) (Lit.30: 
272 (decomp.)); 1H-NMR (100 MHz, acetone-d6): δ 7.14 (s, 4H, Harom), 7.54-7.80 (m, 
2×4H, Harom), 9.00 (br s, 2×1H, NH) ppm; 1H-NMR (100 MHz, DMSO-d6): δ 7.10 (s, 4H, 
Harom), 7.78 (br s, 2×4H, Harom), 10.0 (br s, 2×1H, NH) ppm; 13C-NMR (25 MHz, DMSO-
d6): δ 122.1 (CHarom), 128.7 (CHarom), 129.4 (CHarom), 134.0 (Carom), 137.9 (Carom), 138.2 
(Carom) ppm; IR (KBr): νmax 1153 (SO2, sulfonamide), 1337 (SO2, sulfonamide), 3242 
(NH) cm-1; MS (GC-EI) m/z (%) = 458 (11) [M+H]+, 282 (83), 108 (100); Elemental 
analysis, calculated for C18H14Cl2N2O4S2: C, 47.27%; H, 3.09%; N, 6.13%; S, 14.02%. 
Found: C, 47.19%; H, 2.97%; N, 6.07%; S, 13.62%. 
N,N'-Di(4-nitrophenylsulfonyl)-1,4-diaminobenzene (14h) 
4-Nitrobenzenesulfonyl chloride (1.48 g, 6.70 mmol) was added portion-wise to a 
solution of 1,4-diaminobenzene (360 mg, 3.33 mmol) in pyridine (8 ml). The dark purple 
suspension was stirred for 3h at room temperature and was then poured into a mixture 
of ice and 1N aqueous HCl. The purple solid was collected by filtration, washed 
thoroughly with water (2×), and dried in vacuo in the presence of phosphorus pentoxide. 
The crude product (2.45 g, 98%) was recrystallised from ethanol/nitrobenzene to give 
14h as slightly yellow crystals. Mp 288-290°C (uncorr.); 1H-NMR (100 MHz, DMSO-d6): 
δ 6.89 (s, 4H, Harom), 7.82 (d, 2×2H, J 8.8 Hz, Harom), 8.25 (d, 2×2H, J 8.8 Hz, Harom), 
10.4 (br s, 2×1H, NH) ppm; 13C-NMR (25 MHz, DMSO-d6): δ 122.2 (CHarom), 124.6 
(CHarom), 128.3 (CHarom), 133.7 (Carom), 144.7 (Carom), 149.8 (Carom) ppm; IR (KBr): νmax 
1165 (SO2, sulfonamide), 1347 (SO2, sulfonamide), 1431 (NO2), 3257 (NH) cm
-1; MS 
(GC-EI) m/z (%) = 478 (8) [M]+, 292 (61), 108 (40), 94 (46), 44 (100); Elemental 
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analysis, calculated for C18H14N4O8S2: C, 45.19%; H, 2.95%; N, 11.71%; S, 13.40%. 
Found: C, 45.37%; H, 2.81%; N, 11.63%; S, 12.78%. 
N,N'-Di[4-(phthalimido)phenylsulfonyl]-1,4-diaminobenzene (14i) 
1,4-Diaminobenzene (241 mg, 2.23 mmol) and a suspension of 4-(N-phthalimido)-
benzenesulfonyl chloride 13e (1.58 g, 4.91 mmol) in pyridine were mixed. The crude 
product 14i (1.59 g, >99%) was used as such in subsequent reactions. Mp 295°C 
(decomp.); 1H-NMR (100 MHz, DMSO-d6): δ 6.89 (2, 4H, Harom), 7.57 (d, 2×2H, J, 8.5 
Hz, Harom), 7.72-7.85 (m, 2×(2H+4H), Harom), 10.2 (br s, 2×1H, NH) ppm; IR (KBr): νmax 
1150 (SO2, sulfonamide), 1370 (SO2, sulfonamide), 1705 (C=O, imide), 3230 (NH) 
cm-1. 
N,N'-Di(4-methylphenylsulfonyl)-4,4'-diaminoazobenzene (14k) 
4,4’-Diaminoazobenzene 12c (212 mg, 1.0 mmol), crushed potassium carbonate (608 
mg, 4.40 mmol), 18-crown-6 (26 mg, 0.09 mmol), and p-toluenesulfonyl chloride (800 
mg, 4.2 mmol) were added to a mixture of tetrahydrofuran/acetone (25 ml, v/v 3:2). The 
reaction mixture was stirred overnight at reflux temperature, then all solvents were 
evaporated, followed by extraction of the residue with ethyl acetate and water (2×). The 
collected ethyl acetate layers were dried (MgSO4) and concentrated in vacuo to give a 
mixture of products (556 mg). 
N,N'-Di(4-chlorophenylsulfonyl)-4,4'-diaminoazobenzene (14l) 
4,4’-Diaminoazobenzene 12c (106 mg, 0.5 mmol), cesium carbonate (717 mg, 2.2 
mmol), and 4-chlorobenzenesulfonyl chloride (443 mg, 2.1 mmol) were added to 
tetrahydrofuran (50 ml), and the mixture was subjected to microwave irradiation for 20 
min at 300 Watt. The solvents were evaporated and water was added to the residue. This 
mixture was extracted with dichloromethane (3×), the collected organic layers were dried 
(MgSO4) and concentrated in vacuo. Purification by column chromatography (silica gel, 
heptane/ethyl acetate 1:4) afforded bis-sulfonamide substituted azobenzene 14l (240 
mg, 85%). Rf 0.63 (heptane/ethyl acetate 1:1). 
1H-NMR (100 MHz, DMSO-d6): δ 7.35 
(m, 2×4H, Harom), 7.92 (br s, 2×4H, Harom), 10.8 (bs, 2×1H, NH) ppm. 
N,N'-Di(4-nitrophenylsulfonyl)-4,4'-diaminoazobenzene (14m) 
4,4’-Diaminoazobenzene 12c (106 mg, 0.5 mmol), 4-nitrobenzenesulfonyl chloride (488 
mg, 2.2 mmol), and powdered potassium carbonate (304 mg, 2.2 mmol) dissolved in 
tetrahydrofuran (20 ml) were subjected to 20 min of microwave irradiation at 350 Watt. 
Then, all solvents were removed and the residue was purified by column 
chromatography (silica gel, heptane/ethyl acetate 4:3) to afford di-substituted 14m (100 
mg) and tetra-substituted 16m (110 mg, 30%). Both products were recrystallised from 
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ethanol/dimethyl sulfoxide. Di-substituted product 14m: Rf 0.40 (heptane/ethyl acetate 
1:1); Mp >300˚C (dec.); 1H-NMR (100 MHz, DMSO-d6): δ 7.27 (d, 2×2H, J 8.8 Hz, 
Harom), 7.72 (d, 2×2H, J 8.8 Hz, Harom), 8.03 (d, 2×2H, J 8.8 Hz, Harom), 8.27 (d, 2×2H, J 
8.8 Hz, Harom), 11.1 (s, 2×1H, NH) ppm. Analysis 16m: vide infra. 
General procedure for the preparation of bis-disulfonimides 16a-16i 
Potassium carbonate (4.4 equiv.), 18-crown-6 (0.1 equiv.), and sulfonyl chloride (4.0 
equiv.) were added successively to a cooled (0°C) solution of diamino compound 12a or 
12b (1 equiv.) in tetrahydrofuran/acetone (v/v 3:2). The reaction mixture was stirred 
overnight under reflux conditions. The mixture was then allowed to cool to ambient 
temperature and all solvents were evaporated in vacuo. Water was added to the residue 
and the suspension was neutralised to pH=7 with a few drops of concentrated 
hydrochloric acid. The precipitate formed was collected by filtration and washed 
thoroughly to remove traces of acid. The product was dried in vacuo in the presence of 
phosphorus pentoxide. 
N,N,N',N'-Tetra(ethylsulfonyl)-1,2-diaminoethane (16a) 
To a cooled (-78°C) solution of 1,2-diaminoethane (222 µl, 3.33 mmol) in dry 
tetrahydrofuran (10 ml), n-butyl lithium solution (4.2 ml of a 1.6M solution in hexane, 
6.66 mmol) was added dropwise. The white suspension was stirred for 5 min and then 
ethanesulfonyl chloride (630 µl, 6.66 mmol) was added dropwise at -78°C. After stirring 
for 15 min, the yellow suspension was allowed to warm to ambient temperature, and 
stirring was continued for another 1h. This procedure (cooling, addition of n-butyl lithium 
and ethanesulfonyl chloride) was repeated with the same quantities. The mixture was 
stirred overnight at room temperature. All solvents were evaporated, a mixture of ethyl 
acetate and water was added, followed by extraction with ethyl acetate (3×), drying of 
the collected organic layers (MgSO4), and concentration in vacuo. The crude product was 
recrystallised (2×), first from ethanol/dimethyl sulfoxide and then from acetonitrile, to give 
16a as a white solid material. Mp 200-203°C (uncorr.); 1H-NMR (100 MHz): δ 1.47 (t, 
4×3H, J 7.5 Hz, CH3), 3.56 (q, 4×2H, J 7.5 Hz, SO2CH2), 4.00 (s, 2×2H, NCH2CH2N) 
ppm; 13C-NMR (25 MHz): δ 7.6 (CH3), 47.0 (CH2), 50.8 (CH2) ppm; IR (KBr): νmax 1156 
(SO2, disulfonimide), 1362 (SO2, disulfonimide) cm
-1; Elemental analysis, calculated for 
C10H26N2O8S4 (428.573): C, 28.03%; H, 5.64%; N, 6.54%; S, 29.93%. Found: C, 
28.18%; H, 5.44%; N, 6.69%; S, 29.31%. 
N,N,N',N'-Tetra(4-methylphenylsulfonyl)-1,2-diaminoethane (16b) 
1,2-Diaminoethane (372 µl, 5.56 mmol), potassium carbonate (3.38 g, 24.5 mmol), 18-
crown-6 (147 mg, 0.56 mmol), and p-toluenesulfonyl chloride (4.34 g, 22.8 mmol) were 
mixed and allowed to react according to the general procedure. The crude product (3.20 
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g, 85%) was recrystallised from ethanol/dichloromethane to give 16b as white needles. 
Mp 247-249°C (uncorr.) (Lit. 31: 248.5-249.7); 1H-NMR (100 MHz, DMSO-d6): δ 2.29 (s, 
4×3H, CH3), 3.68 (s, 2×2H NCH2CH2N), 7.34 (d, 4×2H, J 8.3 Hz, Harom), 7.61 (d, 4×2H, 
J 8.3 Hz, Harom) ppm; 
13C-NMR (25 MHz, DMSO-d6): δ 21.1 (CH3), 42.3 (CH2), 126.6 
(CHarom), 129.8 (CHarom), 137.5 (Carom), 142.9 (Carom) ppm; MS (GC-EI) m/z (%) = 677 
(0.2) [M]+, 521 (70), 367 (15) [M-2×SO2C7H7]+, 340 (74), 155 (93) [SO2C7H7]+, 91 (96) 
[C7H7]
+, 47 (100); Elemental analysis, calculated for C30H32N2O8S4 (676.857): C, 
53.24%; H, 4.77%; N, 4.14%; S, 18.95%. Found: C, 53.18%; H, 4.63%; N, 4.20%; S, 
18.22%. 
N,N,N',N'-Tetra(4-chlorophenylsulfonyl)-1,2-diaminoethane (16c) 
1,2-Diaminoethane (223 µl, 3.33 mmol), potassium carbonate (2.03 g, 15.7 mmol), 18-
crown-6 (88 mg, 0.33 mmol), and a solution of 4-chlorobenzenesulfonyl chloride (2.88 g, 
13.7 mmol) in tetrahydrofuran (10 ml) were treated as described for the general 
procedure, to give the crude product as slightly yellow powder (2.13 g, 84%). 
Recrystallisation from ethanol/dimethyl sulfoxide afforded 16c as fine, white crystals. Mp 
302-303°C (uncorr.); 1H-NMR (100 MHz, DMSO-d6): δ 4.00 (s, 2×2H NCH2CH2N), 
7.86 (d, 4×2H, J 8.8 Hz, Harom), 8.02 (d, 4×2H, J 8.8 Hz, Harom) ppm; IR (KBr): νmax 1160 
(SO2, disulfonimide), 1390 (SO2, disulfonimide) cm
-1. 
N,N,N',N'-Tetra(4-nitrophenylsulfonyl)-1,2-diaminoethane (16d) 
According to the general procedure, 1,2-diaminoethane (223 µl, 3.33 mmol), potassium 
carbonate (2.03 g, 15.7 mmol), 18-crown-6 (88 mg, 0.33 mmol), and 4-nitrobenzene-
sulfonyl chloride (3.04 g, 13.7 mmol) were allowed to react. Recrystallisation from 
ethanol/dimethyl sulfoxide in order to afford 16d was not successful and a mixture of 
14d and 16d (2:3) was obtained as a dark yellow powder (1.89 g, 71%). 1H-NMR 16d 
(100 MHz, DMSO-d6): δ 4.07 (br s, 2×2H, NCH2CH2N), 8.23 (d, 2×2H, J 8.9 Hz, Harom), 
8.54 (d, 2×2H, J 8.9 Hz, Harom) ppm. 
N,N,N',N'-Tetra(4-methylphenylsulfonyl)-1,4-diaminobenzene (16f) 
Potassium carbonate (12.2 g, 88.2 mmol), 18-crown-6 (423 mg, 1.6 mmol), and p-
toluenesulfonyl chloride (15.2 g, 79.7 mmol) were added to a solution of 1,4-
diaminobenzene (2.17 g, 20 mmol) in tetrahydrofuran/acetone (100 ml, v/v 3:2) and 
allowed to react for 22h at reflux temperature. After cooling and acidification to pH=7, 
the reaction mixture was poured into water and stirred for 30 min. Filtration of the 
suspension and drying of the collected precipitate in vacuo afforded an off-white powder 
(12.7 g, 88%). The crude product was recrystallised from ethanol/ethyl acetate to give 
16f as white needles. Mp 259-260°C (uncorr.); 1H-NMR (100 MHz, acetone-d6): δ 2.59 
(2, 4×3H, CH3), 7.16 (s, 4H, Harom), 7.57 (d, 4×2H, J 8.4 Hz, Harom), 7.84 (d, 4×2H, J 8.4 
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Hz, Harom) ppm; 
13C-NMR (25 MHz, acetone-d6): δ 21.1 (CH3), 128.0 (CHarom), 129.9 
(CHarom), 132.5 (Carom), 135.0 (Carom), 135.2 (CHarom), 145.6 (Carom) ppm; IR (KBr): νmax 
1167 (SO2, disulfonimide), 1383 (SO2, disulfonimide) cm
-1; MS (GC-EI) m/z (%) = 725 
(16) [M]+, 570 (64) [M+H-SO2C7H7]
+, 416 (73), 262 (51), 156 (100), 92 (74); 
Elemental analysis, calculated for C34H32N2O8S4 (724,901): C, 56.34%; H, 4.45%; N, 
3.86%; S, 17.69%. Found: C, 56.61%; H, 4.44%; N, 3.92%; S, 17.29%. 
N,N,N',N'-Tetra(4-chlorophenylsulfonyl)-1,4-diaminobenzene (16g) 
Following the general procedure, 1,4-diaminobenzene (335 mg, 3.10 mmol), potassium 
carbonate (1.89 g, 13.6 mmol), 18-crown-6 (82 mg, 0.31 mmol), and 
4-chlorobenzenesulfonyl chloride (2.75 g, 13.0 mmol) were allowed to react. 
Recrystallisation of the crude product (2.37 g, 95%) from 1-butanol/dimethyl sulfoxide 
afforded 16g as a white fluffy crystalline solid. Mp 298-300°C (uncorr.); 1H-NMR (100 
MHz, DMSO-d6): δ 7.18 (s, 4H, Harom), 7.83 (br s, 4×4H, Harom) ppm; IR (KBr): νmax 1161 
(SO2, disulfonimide), 1376 (SO2, disulfonimide) cm
-1; MS (GC-EI) m/z (%) = 806 (1) 
[M]+, 175 (34), 111 (48), 63 (37), 44 (100); Elemental analysis, calculated for 
C30H20Cl4N2O8S4 (806.572): C, 44.67%; H, 2.50%; N, 3.47%; S, 15.90%. Found: C, 
44.72%; H, 2.43%; N, 3.51%; S, 15.88%. 
N,N,N',N'-Tetra(4-nitrophenylsulfonyl)-1,4-diaminobenzene (16h) 
Attempts to prepare and isolate this product were not successful. According to the 1H-
NMR data of the crude reaction mixture, a mixture of di-, tri-, and tetra-substituted 
sulfonyl compounds was obtained. 
N,N,N',N'-Tetra[4-(phthalimido)phenylsulfonyl]-1,4-diaminobenzene (16i) 
Attempts to prepare and isolate this product were not successful. According to the 1H-
NMR data of the crude reaction mixture, a mixture of di-, tri-, and tetra-substituted 
sulfonyl compounds was obtained. 
N,N,N',N'-Tetra(methylsulfonyl)-4,4'-diaminoazobenzene (16j) 
To a cooled solution of 4,4’-diaminoazobenzene 12c (85 mg, 0.4 mmol) and 
triethylamine (260 µl, 1.9 mmol) in dichloromethane (3 ml), mesyl chloride (150 µl, 1.8 
mmol) was added gradually. The reaction mixture was stirred overnight at room 
temperature and then poured into 3% aqueous HCl, followed by extraction of the 
aqueous layer with dichloromethane (3×). The collected organic layers were dried 
(MgSO4), and concentrated in vacuo to give an orange solid (190 mg, 90%). 
Recrystallisation from acetonitrile yielded pure product 16j as orange needles (35 mg, 
17%). Mp 292-295°C (decomp.); 1H-NMR (300 MHz, CD3CN-d3): δ 3.46 (s, 4×3H, 
CH3), 7.66 (dt, 2×2H, 4J 2.1 Hz, J 8.7 Hz, Harom), 7.66 (dt, 2×2H, 4J 2.1 Hz, J 8.7 Hz, 
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Harom) ppm; 
1H-NMR (75 MHz, CD3CN-d3): δ 43.7 (CH3), 124.7 (CHarom), 133.3 
(CHarom), 137.6 (Carom), 154.0 (Carom) ppm; IR (KBr): νmax 1166 (SO2, disulfonimide), 1361 
(SO2, disulfonimide) cm
-1; MS (GC-EI) m/z (%) = 524 (9) [M]+, 445 (15) [M-SO2CH3]
+, 
368 (51), 289 (100), 170 (91), 107 (37), 91 (42); HRMS (EI, m/z): Calculated for 
C16H20N4O8S4 (524.0164). Found: 524.0158. 
N,N,N',N'-Tetra(4-nitrophenylsulfonyl)-4,4'-diaminoazobenzene (16m) 
4,4’-Diaminoazobenzene 12c (106 mg, 0.5 mmol), 4-nitrobenzenesulfonyl chloride (488 
mg, 2.2 mmol), and powdered potassium carbonate (304 mg, 2.2 mmol) dissolved in 
tetrahydrofuran (20 ml) were subjected to 20 min of microwave irradiation at 350 Watt. 
Then, all solvents were removed and the residue was purified by column 
chromatography (silica gel, heptane/ethyl acetate 4:3) to afford di-substituted 14m (100 
mg) and tetra-substituted 16m (110 mg, 30%). Both products were recrystallised from 
ethanol/dimethyl sulfoxide. Tetra-substituted product 16m (slightly contaminated with 
14m): Rf 0.71 (heptane/ethyl acetate 1:1); Mp >300˚C (dec.); 
1H-NMR (100 MHz, 
DMSO-d6): δ 7.46 (d, 2×2H, J 7.0 Hz, Harom), 7.98 (d, 2×2H, J 7.0 Hz, Harom), 8.24 (d, 
4×2H, J 8.8 Hz, Harom), 8.63 (d, 4×2H, J 8.8 Hz, Harom) ppm. Analysis 14m: vide supra. 
N,N'-Di[4-(phthalimido)phenylsulfonyl]-N,N'-dimethyl-1,4-diaminobenzene (17a) 
In a procedure similar to that described for the synthesis of 17c (vide infra), bis-
sulfonamide 14i (338 mg, 0.5 mmol), potassium carbonate (137 mg, 1.0 mmol), and 
methyl iodide (100 µl, 1.6 mmol) were mixed in N,N-dimethylformamide (6 ml). After 
removal of the solids by filtration, crude product (150 mg, 42%) was isolated from the 
filtrate after evaporation of the solvents. Recrystallisation from ethanol/dimethyl sulfoxide 
afforded 17a as yellow crystals (75 mg, 21%). Mp >300°C; 1H-NMR (100 MHz, DMSO-
d6): δ 3.17 (s, 2×3H, CH3), 7.15 (s, 4H, Harom), 7.68 (br s, 2×4H, Harom), 7.85 (br s, 
2×4H, Harom) ppm. 
N,N'-Di[4-(phthalimido)phenylsulfonyl]-N,N'-dipentyl-1,4-diaminobenzene (17b) 
In a procedure similar to that described for the synthesis of 17c (vide infra), bis-
sulfonamide 14i (339 mg, 0.5 mmol), potassium carbonate (138 mg, 1.0 mmol), and 1-
bromopentane (136 µl, 1.1 mmol) were mixed in N,N-dimethylformamide (6 ml). After 
removal of all solids by filtration, the clear yellow filtrate was concentrated in vacuo. The 
crude product was purified by column chromatography (silica gel, heptane/ethyl acetate 
1:1 → 1:2), to give 17b as a white solid (40 mg, 10%). Mp 239.3-243.1°C (corr.); 
1H-NMR (300 MHz): δ 0.80-1.52 (m, 2×9H, NCH2(CH2)3CH3), 3.57 (t, 2×2H, J 7.2 Hz, 
NCH2(CH2)3CH3), 7.08 (s, 4H, Harom), 7.69 (br s, 2×4H, Harom), 7.80-7.95 (m, 2×4H, 
Harom) ppm; 
13C-NMR (75 MHz): δ 13.9 (CH3), 22.1 (CH2), 27.9 (CH2), 28.4 (CH2), 50.6 
(CH2), 124.0 (CHarom), 126.0 (CHarom), 128.3 (CHarom), 129.2 (CHarom), 131.4 (Carom), 
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134.8 (CHarom), 135.8 (Carom), 137.0 (Carom), 138.4 (Carom), 166.5 (C) ppm; IR (KBr): νmax 
1167 (SO2, sulfonamide), 1359 (SO2, sulfonamide), 1717 (C=O, imide) cm
-1. 
N,N'-Di[4-(phthalimido)phenylsulfonyl]-N,N'-didecyl-1,4-diaminobenzene (17c) 
Bis-sulfonamide 14i (339 mg, 0.5 mmol) was added to a suspension of potassium 
carbonate (139 mg, 1.0 mmol) in N,N-dimethylformamide (5 ml). 1-Bromodecane (228 
µl, 1.1 mmol) was added and the reaction mixture was stirred for 2h. Then the reaction 
mixture was heated to 50°C and stirred overnight. After cooling to ambient temperature, 
the suspension was filtered and the residue was washed with dichloromethane. All 
solvents were removed in vacuo and the residue was dissolved in dichloromethane. The 
yellow solution was washed with water (1×), dried (MgSO4), and concentrated in vacuo. 
Recrystallisation of the crude product from heptane/ethyl acetate afforded yellow crystals 
(300 mg, 63%). Rf 0.57 (heptane/ethyl acetate); Mp 130.9°C (phase transition), 156.2°C 
(melting point)32; 1H-NMR (300 MHz): δ 0.86-1.46 (m, 2×19H, NCH2(CH2)8CH3), 3.57 (t, 
2×2H, J 6.6 Hz, NCH2(CH2)8CH3), 7.07 (s, 4H, Harom), 7.69 (br s, 2×4H, Harom), 7.80-
7.94 (m, 2×4H, Harom) ppm; 13C-NMR (75 MHz): δ 14.1 (CH3), 22.6 (CH2), 26.3 (CH2), 
28.3 (CH2), 29.1 (CH2), 29.2 (CH2), 29.4 (CH2), 29.5 (CH2), 31.8 (CH2), 50.6 (CH2), 
124.0 (CHarom), 126.0 (CHarom), 128.3 (CHarom), 129.2 (CHarom), 131.4 (Carom), 134.8 
(CHarom), 135.8 (Carom), 136.9 (Carom), 138.4 (Carom), 166.5 (C) ppm; IR (KBr): νmax 1171 
(SO2, sulfonamide), 1353 (SO2, sulfonamide), 1717 (C=O, imide) cm
-1; MS (FAB, 
NOBA) m/z (%) = 981.5 (22) [M+Na]+, 958.4 (7) [M]+, 672.4 (43), 387.4 (73), 326.4 
(30), 220.2 (100), 133.0 (15); HRMS (FAB, m/z): Calculated for C54H62N4O8S2 
(958.4009). Found: 958.4009. 
N,N'-Di[4-{bis-(2-cyanoethyl)amino}phenylsulfonyl]-1,4-diaminobenzene (18) 
To dry dichloromethane (5 ml), 1,4-diaminobenzene (26 mg, 0.24 mmol) and pyridine 
(0.05 ml, 0.64 mmol) were added. To this clear yellow solution, sulfonyl chloride 13f 
(150 mg, 0.5 mmol) was added portion-wise. To enhance solubility, extra 
dichloromethane was added (15 ml). The purple-brown suspension was stirred 
overnight, followed by filtration. The collected solid material was washed, successively 
with dichloromethane (1×), water (2×), and acetone (1×), to give 18 as a pink solid (110 
mg, 88%) which was pure enough to use in subsequent reactions. Mp >300°C 
(decomp.); 1H-NMR (100 MHz, DMSO-d6): δ 2.92 (br, s, 4×2H, CH2CN), 3.91 (br s, 
4×2H, NCH2), 7.09 (br s, 4H, Harom), 7.63 (m, 2×4H, Harom), 10.1 (br s, 2×1H, NH) ppm; 
IR (KBr): νmax 1171 (SO2, sulfonamide), 1353 (SO2, sulfonamide), 2248 (C≡N, nitrile), 
3242 (NH) cm-1. 
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N,N'-Di[4-{bis-(2-cyanoethyl)amino}phenylsulfonyl]-N,N'-didecyl-1,4-diaminobenzene 
(19) 
To a clear pink solution of bis-sulfonamide 18 (84 mg, 0.135 mmol) in 
N,N-dimethylformamide (2 ml), powdered potassium carbonate (40 mg, 0.29 mmol) was 
added. The solution immediately changed colour from pink to yellow. 1-Bromodecane 
(65 µl, 0.31 mmol) was slowly added and the reaction mixture was stirred for 3h at room 
temperature. More 1-bromodecane (50 µl, 0.24 mmol) was added and the mixture was 
stirred for another 2h at 50°C, during which time a white solid was formed. Stirring was 
continued overnight and then the white precipitate was filtered off and washed with 
dichloromethane. Organic solvents were evaporated in vacuo. The obtained yellow solid 
material was dissolved in water/dichloromethane and extracted with dichloromethane 
(2×). Drying (MgSO4) of the combined organic fractions and evaporation in vacuo 
afforded a yellow oil, which solidified after treatment with a few drops of acetone and 
quick evaporation of the volatiles in vacuo. Pure product 19 (83 mg, 67%) was obtained 
after recrystallisation from ethyl acetate as white solid. Rf 0.22 (heptane/ethyl acetate 
1:2); Mp 143.12°C (corr.); 1H-NMR (300 MHz): δ 0.87 (t, 2×3H, J 6.6 Hz, 
NCH2(CH2)8CH3), 1.15-1.44 (m, 2×16H, NCH2(CH2)8CH3), 2.71 (t, 4×2H, J 6.3 Hz, 
NCH2CH2CN), 3.47 (t, 2×2H, J 6.9 Hz, NCH2(CH2)8CH3), 3.86 (t, 4×2H, J 6.3 Hz, 
NCH2CH2CN), 6.57 (d, 2×2H, J 9.0 Hz, Harom), 7.04 (s, 4H, Harom), 7.45 (d, 2×2H, Harom) 
ppm; 13C-NMR (75 MHz): δ 1.14 (CH3), 14.2 (CH2), 16.3 (CH2), 22.8 (CH2), 26.6 (CH2), 
28.4 (CH2), 29.3 (CH2), 29.4 (CH2), 29.6 (CH2), 32.0 (CH2), 47.6 (CH2), 50.4 (CH2), 
111.7 (CHarom), 117.8 (CHarom), 127.2 (CHarom), 129.2 (Carom), 130.1 (Carom), 138.9 (Carom), 
148.4 (C) ppm; IR (KBr): νmax 1154 (SO2, sulfonamide), 1340 (SO2, sulfonamide), 2248 
(C≡N, nitrile) cm-1; MS (FAB) m/z (%) = 911.6 (18) [M+H]+, 648.5 (71), 387.4 (100), 
326.4 (28), 262.1 (19), 158.1 (25); HRMS (FAB, m/z): Calculated for C50H70N8O4S2 
(910.4961). Found: 910.4961. 
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26  A.V. Kirsanov, N.A. Kirsanova, J. Gen. Chem. USSR., 1962, 32, 877-882. 
27 H. Sawanishi, S. Wakusawa, R. Murakami, K. Miyamoto, K. Tanaka, S. Yoshifuji, Chem. 
Pharm. Bull., 1994, 42, 1459-1462.  
28  Lithium carbonate was powdered and dried in an oven at 100°C for 30 min prior to use.  
29  H. Stetter, E.-E. Roos, Chem. Ber., 1954, 87, 566-571. 
30  A.P. Avdeenko, N.V. Velichko, A.A. Tolmachev, V.V. Pirozhenko, E.A. Romanenko, Russ. J. 
Org. Chem., 1994, 30, 146-156. 
31  L.H. Amundsen, R.I. Longley Jr., J. Am. Chem. Soc., 1940, 62, 2811-2812.  
32  Melting point was determined using the DSC-technique. 
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In Chapter 1, a brief introduction concerning some relevant topics and the key 
compounds of this thesis is presented. Attention is given to historic and current 
developments regarding enantioselective transformations, the synthesis of bis-oxazolines 
and their value in metal ligand catalysed enantioselective transformation reactions, the 
synthesis and application of chiral aziridines, and sulfonamide and disulfonimide-
containing compounds. 
 
Chapter 2 deals with the synthesis of oxazolines and their potential to serve as ligands in 
asymmetric reactions. More specifically, the synthesis of a series of sulfonamide-
containing oxazolines is described. First, 4-hydroxymethyl-oxazoline 5 was prepared in 
two steps by a condensation of imidate hydrochloride 2 with enantiopure L-( or 
D-)serine methyl ester hydrochloride 3 and subsequent reduction of the 4-ester function 
of oxazoline 4 with diisobutylaluminium hydride to give 4-hydroxymethyl-oxazoline 5 in 
good yield and with unchanged enantiopurity (Scheme 1). 
 
R
NH-HCl
OR' OH
NH2.HCl
CO2Me
NO
R
CO2Me
H NO
OH
R
+
4a-b 5a-b32a-b
2a: R=R'=Me
2b: R=Ph, R'=Et
a: R=Me
b: R=Ph
i, ii iii
 
 
(i) K2CO3 (or Et3N), dichloromethane/water, room temperature, 15 min; (ii) 1,2-dichloro-
ethane, reflux conditions, 20h; (iii) DIBAH, tetrahydrofuran, 0°C, 2.5h. 
 
Scheme 1 
 
The 4-arylsulfonylaminomethyl-oxazolines 8a-f were prepared by a Mitsunobu coupling 
of 4-hydroxymethyl-oxazoline 5b with various N-Boc-sulfonamides 6a-f and subsequent 
thermolytic removal of the protecting Boc group (Scheme 2). Three representatives of the 
desired chiral ligands, viz. compounds 8a-c, were obtained in acceptable yields. 
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Scheme 2 
 
Four types of reactions were investigated, namely the borane-mediated reduction of 
propiophenone, the titanium-mediated diethylzinc addition to benzaldehyde, the 
diethylzinc addition to benzaldehyde, and the copper-catalysed cyclopropanation of 
styrene with ethyl diazoacetate. Preliminary experiments with these sulfonamide-
containing oxazolines as chiral ligands in asymmetric reactions did not show the expected 
chirality transfer. Further modifications of the sulfonamide moiety need to be 
investigated, before more conclusions can be drawn about these types of chiral ligands. 
 
In Chapter 3 the synthesis and application of a series of ester functionalised bis-
oxazolines 14a-c in metal-catalysed asymmetric transformations is described. The 
synthesis of these ester functionalised bis-oxazolines 14a-c started from the epoxy ester 
10 (or 9). First, the racemic epoxy ester 10 is resolved using the classical resolution 
method by making diastereomeric salt with an appropriate chiral base, followed by 
conversion into the corresponding aziridine-2-carboxylic methyl esters 12 (Scheme 3). 
Next, aziridine-2-carboxylic methyl ester 12 is coupled with commercially available 
dimethylmalonyl chloride to give bis-aziridines 13. Ring expansion to give bis-oxazolines 
14 proceeded by the Heine reaction. In the Heine reaction, a “ring opening (inversion) - 
ring closure (inversion)” reaction results in a net retention of configuration of the stereo 
centres. Attempts to further functionalise the ester unit of the bis-oxazolines 14a-c to 
other versatile groups were not successful. 
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(i) (1) Ring opening using sodium azide, (2) Triphenylphosphine-mediated ring closure; (ii) Coupling with bis-
acid dichloride; (iii) Ring expansion by the Heine reaction using sodium iodide in acetonitrile. 
 
Scheme 3 
 
Two bis-oxazoline ligand-mediated asymmetric reactions were examined, namely the 
Mukaiyama aldol condensation of methyl pyruvate with a ketene acetal and the hetero 
Diels-Alder reaction of methyl pyruvate with Danishefsky’s diene. Using the Mukaiyama 
reaction various conditions and variables were investigated (solvent effect, amount of 
catalyst, kind of metal used, substituent effect, bite angle). High enantioselectivities were 
observed, which compare favourably with those obtained with other bis-oxazoline 
ligands reported in the literature. The oxa Diels-Alder reaction was only briefly explored. 
The use of ester functionalised bis-oxazoline ent-14a in the hetero Diels-Alder reaction 
showed an almost complete asymmetric induction. 
 
In Chapter 4 the synthesis and application of N-sulfonyl-aziridin-2-yl carbinol ligands in 
asymmetric reactions is presented. The synthesis of the N-sulfonyl-aziridin-2-yl carbinols 
18, 19, and 20 started from N-trityl-aziridine-2-carboxylic ester 15. Grignard reaction 
with this N-trityl-aziridine-2-carboxylic ester 15 using phenylmagnesium bromide in 
tetrahydrofuran provided the corresponding N-trityl-aziridin-2-yl-(diphenyl)methanol 16 
(Scheme 4). Detritylation of the aziridine carbinol 16 was achieved by treatment with 6N 
aqueous sulfuric acid in chloroform/methanol, to give pure aziridin-2-yl-
(diphenyl)methanol 17 as white crystals. 
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(i) PhMgBr, tetrahydrofuran, room temperature → 65°C (reflux conditions), 2h; (ii) 6N H2SO4, 
dichloromethane, room temperature, 2h. 
 
Scheme 4 
 
This aziridine alcohol 17 was then reacted with the appropriate sulfonyl chloride to give 
one of the aziridines 18, 19, and 20, respectively (Figure 1). 
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Figure 1 
 
It was hypothesised that an N-sulfonyl substituent on aziridine carbinol would exert a 
stereoelectronic effect in such manner that a reagent, such as diethylzinc, would complex 
in a well-defined manner with the catalyst to enable an efficient chirality transfer during 
the reaction. The results obtained with N-(4-methyl-phenylsulfonyl)-aziridin-2-yl-
(diphenyl)methanol 18 (Yield: 60%, ee: 69%) and N-(2,4,6-triisopropyl-benzene-
sulfonyl)-aziridin-2-yl-(diphenyl)methanol 19 (Yield: 78%, ee: 90%) seem to indicate 
that such a stereoelectronic effect indeed plays a role. However, further substantiation by 
ligand fine-tuning is necessary. 
 
Finally, in Chapter 5 preliminary results on functionalised sulfonamide structures are 
reported. These functionalised disulfonimides may constitute an entry to a sterically 
crowded structure, which could serve as a scaffold for reactive functional groups. 
Simple amino substrates, containing two primary amino groups, were converted into the 
corresponding bis-sulfonamides or bis-disulfonimides (Scheme 5, only the bis-
disulfonimides are shown) under appropriate conditions. 
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Scheme 5 
 
The best performing basic conditions were potassium carbonate in the presence of 10 
mol% of 18-crown-6. In some cases, mixtures of bis-sulfonamides and bis-disulfonimides 
were obtained. 
When sulfonyl chlorides are used with a latent free primary amine, in principle, a 
repetitive reaction is conceivable. In order to obtain more readily soluble products the 
bis-sulfonylated compound 27 was treated with alkyl halides as shown in Scheme 6. N-
alkylation of bis-sulfonamide 27 with long chain C10-alkyl halide leads to N,N'-bis-decyl-
bis-sulfonamide 28c, which shows good solubility properties. 
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(i) MeI, BrC5H11, or BrC10H21, K2CO3, N,N-dimethylformamide, room temperature → 50°C, 3h (at room 
temperature)/ 2h (at 50°C). 
 
Scheme 6 
Summary  
Another approach to dendrimer-like sulfonamide-containing compounds is depicted in 
Scheme 7. Here, the sulfonylating agent contains a branched substituent at the para 
position of the benzene ring. Coupling of the sulfonyl chloride 29 with 1,4-
diaminobenzene 23 gave bis-sulfonamide 30 in a good yield. Subsequent alkylation 
with 1-bromodecane gave N,N'-bis-decyl-bis-sulfonamide 31. In principle, the cyano 
substituents can be converted into an amino function and as such be subjected to a new 
cycle of sulfonylation reactions. It remains to be seen in how far solubility problems will 
preclude the preparation of compounds with an extra generation of sulfonamide units. 
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(i) ClSO2Ph-p-(N(CH2CH2CN)2) 29, pyridine, dichloromethane, room temperature, overnight; (ii) BrC10H21, 
K2CO3, N,N-dimethylformamide, room temperature → 50°C, 3h (at room temperature)/ 2h (at 50°C). 
 
Scheme 7 
 
Summaries in English and Dutch conclude the scientific part of this thesis. 
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In Hoofdstuk 1 wordt een korte inleiding gegeven over de belangrijkste onderwerpen en 
verbindingen die in dit proefschrift aan de orde komen. Er wordt aandacht besteed aan 
historische en huidige ontwikkelingen op het gebied van enantioselectieve omzettingen, 
de synthese van bis-oxazolines en hun waarde voor metaal ligand gekatalyseerde 
enantioselectieve reacties, de synthese en toepassing van chirale aziridines en 
sulfonamide- en disulfonimidebevatttende verbindingen. 
 
Hoofdstuk 2 is gewijd aan de synthese van oxazolines en hun vermogen om te fungeren 
als ligand in asymmetrische reacties. De aandacht is meer specifiek gericht op de 
synthese van een serie sulfonamidebevatttende oxazolines. Allereerst werd 
4-hydroxymethyl-oxazoline 5 in twee stappen bereid door een condensatie reactie van 
imidaat hydrochloride 2 met enantiomeer zuiver L-( of D-)serine methyl ester 
hydrochloride 3 en een daaropvolgende reductie van the 4-ester functie van oxazoline 4 
met diisobutylaluminiumhydride. Hierbij werd 4-hydroxymethyl-oxazoline 5 in goede 
opbrengst en met onveranderde enantiomere zuiverheid verkregen (Schema 1). 
 
R
NH-HCl
OR' OH
NH2.HCl
CO2Me
NO
R
CO2Me
H NO
OH
R
+
4a-b 5a-b32a-b
2a: R=R'=Me
2b: R=Ph, R'=Et (Ph=Fenyl)
a: R=Me
b: R=Ph
i, ii iii
  
 
(i) K2CO3 (of Et3N), dichloormethaan/water, kamertemperatuur, 15 min; (ii) 1,2-dichloor-
ethaan, reflux-condities, 20 uur; (iii) DIBAH, tetrahydrofuran, 0°C, 2,5 uur. 
 
Schema 1 
 
De 4-arylsulfonylaminomethyl-oxazolines 8a-f werden verkregen met een Mitsunobu-
koppeling van 4-hydroxymethyl-oxazoline 5b met diverse N-Boc-sulfonamides 6a-f en 
daaropvolgend de thermolytische verwijdering van de Boc-beschermgroep (Schema 2). 
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De verbindingen 8a-c, die representatief zijn voor de gewenste chirale liganden, werden 
verkregen in acceptabele opbrengst. 
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Schema 2 
 
Vier verschillende reacties werden onderzocht, te weten de reductie van propiofenon met 
boraan, de diethylzinkadditie aan benzaldehyde met titanium en zonder titanium en de 
koper-gekatalyseerde cyclopropanering van styreen met ethyl diazoacetaat. Eerste 
experimenten waarbij deze sulfonamide-gefunctionaliseerde oxazolines zijn gebruikt als 
chirale ligand in asymmetrische reacties gaven niet de beoogde chiraliteitsoverdracht. 
Verdere aanpassingen van de sulfonamide groep dienen te worden onderzocht voordat 
meer conclusies kunnen worden getrokken over dit type chiraal ligand. 
 
In Hoofdstuk 3 wordt de synthese en toepassing van een serie ester-gefunctionaliseerde 
bis-oxazolines 14a-c in metaal-gekatalyseerde asymmetrische omzettingen beschreven. 
De synthese van deze ester-gefunctionaliseerde bis-oxazolines 14a-c begint met epoxy 
ester 10 (of 9). Allereerst werd racemisch epoxy ester 10 middels klassieke resolutie met 
een geschikte chirale base omgezet in een diastereomeer zout, gevolgd door omzetting 
naar het overeenkomstige aziridine-2-carbonzuur methylester 12 (Schema 3). 
Vervolgens werd het aziridine 12 gekoppeld met commercieel verkrijgbaar 
dimethylmalonyl chloride tot bis-aziridine 13. Tot slot werd de ringvergroting tot bis-
oxazolines 14 met behulp van de Heine-reactie tot stand gebracht. Bij de Heine-reactie 
resulteert een "ringopening (inversie) - ringsluiting (inversie)"-reactie in een netto retentie 
van configuratie van het stereocentrum. Pogingen om de estergroep van de bis-
oxazolines 14a-c verder te functionaliseren waren niet succesvol. 
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(i) (1) Ringopening met gebruik van natriumazide, (2) Ringsluiting met behulp van trifenylfosfine; (ii) Koppeling 
met bis-zuurchloride; (iii) Ringvergroting met behulp van de Heine-reactie met gebruik van natriumjodide in 
acetonitril. 
 
Schema 3 
 
Twee asymmetrische reacties, waarbij gebruik werd gemaakt van bis-oxazoline liganden, 
werden bekeken, te weten de Mukaiyama aldol condensatie van methyl pyruvaat met 
een keteenacetaal en de hetero Diels-Alder-reactie van methyl pyruvaat met Danishefky's 
dieen. Voor de Mukaiyama-reactie werden diverse reactiecondities onderzocht 
(oplosmiddel effekt, hoeveelheid katalysator, soort metaal, substituent effekt, hoek van 
complexering). Hoge enantioselectiviteiten werden verkregen, die gunstig afsteken tegen 
vergelijkbare bis-oxazoline liganden die in de literatuur werden beschreven. De oxa 
Diels-Alder-reactie werd slechts in beperkte mate bestudeerd. Het gebruik van ester-
gefunctionaliseerd bis-oxazoline ent-14a in de hetero Diels-Alder-reactie gaf vrijwel 
volledige asymmetrische inductie. 
 
In Hoofdstuk 4 wordt de synthese en toepassing van N-sulfonyl-aziridn-2-yl-carbinol 
liganden in asymmetrische reacties beschreven. De synthese van de N-sulfonyl-aziridn-2-
yl-carbinol verbindingen 18, 19 en 20 begint bij N-trityl-2- aziridinecarbonzure ester 15 
waarmee een Grignard-reactie werd uitgevoerd met fenylmagnesium bromide in 
tetrahydrofuran hetgeen het overeenkomstige N-trityl-aziridine-2-yl-(difenyl)methanol 16 
opleverde (Schema 4). Detritylering van aziridine-carbinol 16 werd gerealiseerd door 
Samenvatting 
behandeling met 6N waterig zwavelzuur in chloroform/methanol, hetgeen zuiver 
aziridine-2-yl-(difenyl)methanol 17 opleverde als witte kristallen. 
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(i) PhMgBr, tetrahydrofuran, kamertemperatuur → 65°C (refluxcondities), 2 uur; (ii) 6N H2SO4, 
dichloormethaan, kamertemperatuur, 2 uur. 
 
Schema 4 
 
Dit aziridine-alcohol 17 werd vervolgens in reactie gebracht met een geschikt 
sulfonylchloride onder vorming van respectievelijk de aziridines 18, 19 en 20 (Figuur 1). 
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Figuur 1 
 
Er werd verondersteld dat een N-sulfonyl-substituent op een aziridine-carbinol een 
zodanig stereoelectronisch effect zou teweegbrengen dat een reagens, zoals diethylzink, 
op een duidelijke manier met het ligand zou complexeren zodat een efficiënte chirale 
overdracht tijdens de reactie plaatsvindt. De resultaten die met N-(4-
methylbenzeensulfonyl)-aziridin-2-yl-(difenyl)methanol 18 (Opbrengst: 60%, ee 
(enantiomere overmaat): 69%) en N-(2,4,6-triisopropylfenylsulfonyl)-aziridin-2-yl-
(difenyl)methanol 19 (Opbrengst: 78%, ee: 90%) werden verkregen lijken erop te duiden 
dat een dergelijk stereoelectronisch effect inderdaad een rol speelt. Desalniettemin is 
verdere bewijsvoering nodig op basis van subtiele wijzigingen in de ligandstructuur. 
 
In het afsluitende Hoofdstuk 5 worden de eerste resultaten gegeven van sulfonamide-
gefunctionaliseerde structuren, in het bijzonder disulfonimide structuren. Deze 
disulfonimides bieden een mogelijkheid voor het verkrijgen van sterisch gehinderde 
structuren, die op hun beurt benut zouden kunnen worden als grondslag voor de 
aanhechting van reactieve functionele groepen. 
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Schema 5 
 
Simpele aminosubstraten met twee primaire aminogroepen werden omgezet in de 
overeenkomstige bis-sulfonamides en bis-disulfonimides (De laatstgenoemde zijn 
getoond in Schema 5). De basische condities met de beste resultaten bleek  
kaliumcarbonaat in aanwezigheid van 10 mol% 18-kroon-6 te zijn. In sommige gevallen 
werden mengsels van bis-sulfonamides en bis-disulfonimides verkregen. 
In geval sulfonylchlorides worden gebruikt met een latent vrij primair amine, is in 
principe een herhaling van de reactie mogelijk. Om beter oplosbare producten te krijgen 
werd bis-sulfonamide verbinding 27 behandeld met alkylhalides, zoals weergegeven in 
Schema 6. N-alkylering van bis-sulfonamide 27 met lange C10-alkylhalides gaf N,N'-bis-
decyl-bis-sulfonamide 28c met uitstekende oplosbaarheidseigenschappen. 
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(i) MeI, BrC5H11 of BrC10H21, K2CO3, N,N-dimethylformamide, kamertemperatuur → 50°C, 3 uur (bij 
kamertemperatuur)/ 2 uur (bij 50°C). 
 
Schema 6 
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Een andere benadering richting dendrimeerachtige sulfonamidebevattende verbindingen 
is weergegeven in Schema 7. In dit geval bevat het sulfonylchloride een vertakte 
substituent op de para-positie van de benzeenring. Koppeling van het sulfonylchloride 
29 met 1,4-diaminobenzeen 23 gaf bis-sulfonamide 30 in goede opbrengst. 
Daaropvolgende alkylering met 1-bromodecaan gaf N,N'-bis-decyl-bis-sulfonamide 31. 
In principe kunnen de cyanogroepen nu worden omgezet in aminofunctionaliteiten en 
vervolgens wederom worden behandeld met een nieuw sulfonylchloride in een volgende 
sulfonyleringsreactie. Het blijft echter de vraag of oplosbaarheidsproblemen de synthese 
van verbindingen met een extra sulfonamidegroep zullen verhinderen. 
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(i) ClSO2Ph-p-(N(CH2CH2CN)2) 29, pyridine, dichloormethaan, kamertemperatuur, overnacht; (ii) BrC10H21, 
K2CO3, N,N-dimethylformamide, kamertemperatuur → 50°C, 3 uur (bij kamertemperatuur)/ 2 uur (bij 50°C). 
 
Schema 7 
 
Samenvattingen in het Engels en het Nederlands besluiten het wetenschappelijke deel 
van dit proefschrift. 
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(DANKWOORD) 
… zou ik het beginpunt willen leggen van een reisje rond de wereld in ruim 80 regels. 
Het leuke van dit reisverhaal is dat het door vrijwel iedereen wordt gelezen. Zo lezen 
"niet-chemici" dit dankwoord omdat ze van de rest van dit proefschrift waarschijnlijk toch 
niets begrijpen. Oud-collegae daarentegen checken vaak gretig als eerste het dankwoord 
om te zien of ook zij met naam en toenaam worden bedankt, en zo niet, wie in 
hemelsnaam dan wel. Bij ons in Nijmegen is het bovendien voor sommigen al bijna een 
tak van sport geworden om, na het lezen van het dankwoord, als eerste een fout in het 
proefschrift proberen op te sporen en deze bij wijze van leedvermaak enthousiast per e-
mail of SMS aan elkaar door te geven. Omdat ook ik niet de illusie heb een proefschrift 
af te kunnen leveren zonder fouten, heb ik het maar gelijk heel gemakkelijk gemaakt voor 
hen die zoeken en heb ik daarom bewust een overduidelijke tiepvoudt in dit proefschrift 
verwerkt. Einde zoektocht! Goed, zoals reeds aangekondigd gaan we op reis. Een reis 
rond de wereld langs vele mensen die met name in de periode vanaf mijn aanstelling als 
AiO, maar eigenlijk ook al in de periode voorafgaande aan deze AiO-tijd, ieder hun 
steentje in meer of mindere mate hebben bijgedragen en mede verantwoordelijk zijn 
voor de totstandkoming van dit proefschrift.  Graag zou ik een ieder in zijn of haar eigen 
taal willen bedanken. 
Om te beginnen wil ik mijn promotor, prof. dr. Zwanenburg, hartelijk danken. Binne, 
alderearst myn hertlike tank foar it feit dat ik yn jo groep myn ûndersyk dwaan mocht. 
Om 't dit ûndersyk lang net altyd sûnder tûkelteammen ferrûn is hat it my gauris 
fernuvere dat jo der geduerich bliken fan joegen yn in goede ôfrin betrouwen te hawwen. 
Dizze positive oanpak ha ik altyd tige op priis steld. Dêrnjonken bin ik jo ek, lyk as safolle 
oaren foar my, tige tankber foar jo bûtengewoane krewearjen foar myn stúdzjereizen nei 
Australië en de Feriene Steaten. 
Copromotor dr. Thijs, beste Bertus, mijn verhuizing naar jouw lab en de switch naar 
"jouw chemie" bleken in positieve zin cruciaal voor het verdere verloop van mijn 
promotieonderzoek. Het was voor mij een waar genoegen om te kunnen profiteren van 
jouw geweldige enthousiasme, enorme chemische bijdrage aan mijn onderzoek en soms 
prettig vaderlijke gedrag op het lab. Bertus, hartelijk dank voor alles. 
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I would like to thank the referees for going through my thesis and for placing critical 
comments or general remarks where necessary. In particular, I would like to focus my 
appreciation and gratitude to assoc. prof. dr. Kaoru Nakamura: 中村先生、Kaoru、 学位論
文を審査していただきまして誠にありがとうございました。御礼申し上げますとともに、京都大学で
の数々の貴重な体験に思いを馳せております。先生のご指導のもとで過ごした半年は、私の博士課程
の研究にとってきわめて有意義でありましたし、今後の人生においてもかけがえのない財産となるこ
とは間違いありません。感謝の気持ちで一杯です。今後ともどうぞよろしくご指導の程、お願い申し
上げます。 
Ik heb het genoegen gehad om met vijf personen intensief te kunnen werken aan mijn 
project. Zo hebben Marie-Jeanne Demichelis, Valeria de Matteis, Massimo Prodan, Mike 
Relou en dr. Kumar Vadivel ieder hun eigen bijdrage geleverd aan dit proefschrift. In 
chronologische volgorde laat ik ze graag even de revue passeren: Mike, jij was zonder 
twijfel de meest kleurrijke persoon in "mijn research team". Naast jouw uitstekende 
chemische bijdrage zullen ook jouw tekentalent en fantasierijke role play hobby mij nog 
lang heugen (iets met elfjes, dwergen, feeën en ridders, sorry ik vergeet steeds weer de 
naam ervan) - Marie-Jeanne, tu as sans doute par moment été désespérée par le sujet 
chimique que tu as traité. Toutefois, tu as mené à bien une série de synthèses très 
difficiles. Chapeau! Heureusement, cette chimie impitoyable n'a jamais porté atteinte à ta 
charmante et chaleureuse personnalité. Tu étais le soleil du labo! - Massimo, le tue sintesi 
eseguiti sono, per una gran parte da ritrovare nella tesi di laurea, quindi la chimica e 
andata molto bene. La tua presenza nel laboratorio e stato molto piacevole. Sono passati 
troppo veloce i mesi che hai lavorato nel mio progetto - Kumar, cq;fsJ 
Gnuhn[f;by; Ntiy nra;Ak; tha;g;G fpilj;jJ vdf;F fpilj;j 
ngUk;ghf;fpakhf fUJfpNwd;. cq;fSila xj;Jiog;gpw;f;F kpf ed;wp. 
vq;fsJ FO $l;lq;fspy; cq;fSila gq;F kw;Wk; cq;fsJ tpQ;Qhd 
uPjpahd vz;zq;fs; kpfTk; ghuhl;lg;gl;lJ. MJkl;Lky;yhJ cq;fs; 
mopah cw;r;rhfk; kpfTk; ghuhl;lj; jf;fJ. - Valeria, gia dall’inizio ti sei 
dimostrata come la mia supergirl. Perfino dopo la mia partenza del laboratorio sei stata 
sempre pronta a eseguire l’ennesimo esperimento mancante o fare delle analisi. Inoltre 
ho avuto molta fortuna con le tue due grande hobby: fare torte e la cucina Italiana. 
Quasi ogni settimana venivi dal laboratorio con una o più torte che io docilmente potevo 
provare. Andavo anche volentieri alle tue tante dinner parties (cene) per godere la tua 
arte culinaria. La mia frase Italiana più preziosa: “Basta, sono pieno!” e stato molto 
pratico! Finalmente ti ringrazio ancora per l’immensa ospitalità e calore che ho provato in 
Italia durante le vacanze di Natale con te, la tua famiglia e amici. E stato, in più modi, 
una vacanza da non scordare mai. 
Een goede sfeer op de werkvloer is essentieel en een goede sfeer was er op de afdeling 
bij ons in Nijmegen in ruime mate. Hiervoor zijn mijn oud-labgenoten, van zowel voor 
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als achter de klapdeuren, Eddy Damen, Martijn Doesborgh, dr. Gopinathan Anilkumar, 
Peter ten Holte, Corrine Lawrence, André Lucassen, Anat Reizelman en Jelle de Vries, 
alsmede alle andere medepromovendi, vaste staf, postdocs en studenten van de afdeling 
allemaal verantwoordelijk. Mensen, ontzettend bedankt! Een aparte vermelding 
verdienen René Gieling en Rolf Keltjens voor de vele gezellige "off-duty" uurtjes die wij 
met z'n drieën hadden. "Toch?" ;o) Jongens bedankt, laten we dat Friends-gevoel er nog 
lang inhouden zo. Voor de analytische en technische ondersteuning dank ik Helene 
Amatdjais-Groenen (massa en element analyse), Peter van Galen (massa), René de 
Gelder (kristallografie), Pieter van der Meer en Ad Swolfs (NMR). Daarnaast zijn voor 
administratieve en andere "klusjes" Sanna van Roosmalen, Sandra Tijdink, Jacky 
Versteeg en Desiree van der Wey onmisbaar gebleken. Tenslotte bedank ik Chris Kroon 
en Wim van Luyn voor hun logistieke hulp en voor de altijd vlotte levering van bestelde 
chemicaliën. 
Yvonne, jij hebt praktisch mijn gehele vier jaren als AiO van zeer dichtbij meegemaakt. 
Het was een periode met veel wetenschappelijke dalen en slechts sporadisch een 
wetenschappelijk hoogtepunt. Ik had het je daarom al die tijd zo gegund om in ieder 
geval ook de leuke aspecten van de afronding van dit hele proces van dichtbij te kunnen 
meebeleven, maar het liep helaas allemaal net even iets anders. Lieve Yvon, zonder 
jouw steun gedurende mijn jaren als AiO was dit proefschrift er simpelweg nooit 
gekomen en daar mag ook jij best trots op zijn! Dankjewel en nog een allerlaatste, hele 
dikke kus daarvoor: X! Die was ik je nog steeds verschuldigd. Bij deze dus. Ik noem ook 
in één adem jouw ouders Peter en Agnes, jouw zusje Lisette en Bernd. Ik heb jullie 
aandacht voor en nieuwsgierigheid naar mijn onderzoek altijd zeer op prijs gesteld. Mijn 
hartelijke dank daarvoor. Ik zal jullie vijven niet vergeten. 
Lieve pap en mam, jullie zouden twee geweldige paranimfen zijn, want ik heb wel het 
meeste aan jullie te danken; de steun en vrijheid die jullie me altijd hebben gegeven om 
te komen waar ik nu gekomen ben. In het bijzonder de periode waarin ik het proefschrift 
aan het schrijven was waren jullie een enorme steun in de rug en dat gaf me de extra 
motivatie die ik vaak goed gebruiken kon. Zie voor jullie het resultaat. Ook mijn twee 
lieve zussen, Cécile en Iris, hebben een speciaal plekje in mijn hart. Mijn 
promotieonderzoek was altijd abracadabra voor jullie en zal het ook wel altijd blijven. 
Toch was de interesse er niet minder om en dat dwong mij regelmatig om in "gewoon 
Nederlands" te proberen uit te leggen waar ik in hemelsnaam mee bezig was. Bij twee 
zussen horen in dit geval ook twee geweldige zwagers. Rein en Roy ik ben trots dat ik 
jullie naast me heb staan als mijn twee paranimfen. Het is voor mij de meest uitgelezen 
kans om mijn waardering voor jullie en de rest van de familie te laten blijken. Pap & 
mam, Cécile & Rein, Iris & Roy: Ontzettend bedankt voor alles! 
 
Sander   •   サソダー   •   rhd;lH 
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CURRICULUM VITAE  
Sander Johannes Hornes werd geboren op 1 februari 1973 in Amsterdam en groeide op 
in het Over-Betuwse Elst. Na het behalen van zijn VWO-diploma aan de Lorentz 
Scholengemeenschap in Arnhem in 1992, werd in datzelfde jaar begonnen aan de studie 
Scheikunde aan de Katholieke Universiteit Nijmegen. In 1994 behaalde hij daarvoor het 
propedeutisch examen. De hoofdvakstage werd uitgevoerd in het Strigol-project van de 
afdeling Organische Chemie in Nijmegen, onder leiding van prof. dr. Binne Zwanenburg 
en dr. Jan Willem Thuring. In het kader van een uitbreiding van het hoofdvak 
Organische Chemie bracht hij in 1996 een half jaar door in Japan bij de vakgroep 
Bioorganic Chemistry van Kyoto University, onder leiding van prof. dr. Atsuyoshi Ohno 
en assoc. prof. dr. Kaoru Nakamura. Hiervoor werd hem een STIR-Japan beurs 
(Stimuleringsfonds Internationalisering van het Ministerie van Onderwijs en 
Wetenschappen) toegekend. Terug in Nederland werd de studie Scheikunde voortgezet 
met een nevenrichting Industriële Chemie bij Organon N.V. in Oss op de afdeling 
Medicinal Chemistry I, onder leiding van dr. Marinus Groen en dr. Huub Loozen. Het 
doctoraal examen ‘in de opleiding der Scheikunde’ werd behaald in 1997. 
 
Hij was van 1 oktober 1997 tot 1 oktober 2001 als Assistent in Opleiding (AiO) 
werkzaam bij de vakgroep Organische Chemie aan de Katholieke Universiteit Nijmegen 
en onder het gezag en toezicht van prof. dr. Binne Zwanenburg verrichtte hij het in dit 
proefschrift beschreven promotieonderzoek. Tijdens zijn aanstelling als AiO was hij 
betrokken bij diverse onderwijstaken. Daarnaast was hij in november 1997 
medeverantwoordelijk voor het opzetten en programmeren van de website voor de 
vakgroep Organische Chemie en heeft hij deze website tot eind 2001 onderhouden. 
Tevens was hij betrokken bij de organisatie van de Studiereis 2000 (S2K) van staf en 
AiO’s naar het zuidoosten van de Verenigde Staten.  
 
Van 1 februari 2002 tot 1 februari 2004 was hij als junior octrooigemachtigde werkzaam 
op de afdeling Intellectual Property van Akzo Nobel N.V. in Arnhem. 
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